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[BalMlii  S*.  11.1 


4pn>\td  Ifinh  a,  ISTS.  vtalch  d«cl*T««  that— 

"Ttepilillutlpiii  of  the  GcoloElca]  Snrrey  ihall  oonalat  of  tha  nnmil  npnit  of  opMotMns,  (Miojtkil 
■adecOEDmlo  mipi  illutimtlng  Ihe  r«Mnrce>  ud  clwlflutlon  of  tlie  Unid*,  uid  t«pom  npoi  |«BeTal 
ul  Moiiomlc  EBolog;  uiil  paleontuloi^.  Th*  UiniiMl  nport  of  opcntloiu  of  Iha  Oeotoitical  tjarrer 
•hiQ  ucompany  UiaaDDual  nponof  tha  Seoratary  of  the  lolcrlor.  All  aiwiol  nomoirt  and  nporta 
«r mM  Smray  slullba !aaa«l  Id  DDlform  Qurto  wiiai  If  [IteniHl  iiaceMiTT Ij;  tbe  Director,  but  otliBi- 
viaa  lb  DidliiBTy  octmTUL  Tliraa  tbonavid  copleaof  each  bIirJI  bo  puUllBbad  fur  aclentlflocichaafcaa 
•ndEpTAlaatthapriceof  publiutloii!  aiida]|l]IBiHrjaudurtographlQiBAtfrTi^laTwetv(illlloKGl>flliEa 
(htUbathnpiDpntjof  tliennltrdStUHBDd  form  apart  of  the  Ubni^of  the  (HvuluUoiii  And  Iha 
bom;  Taaul  ling  from  tbeaalBof  nch  pablkatlOD*  ahall  becorsiod  Into  the  Tmaorj  of  thoDnltsd 

Oi  JolyT,  isaz,  ttwfoUowbat  Joint  molntlbu,  wfarrijg  to  iB  Qowampant  poMlcatlniia,  w*»  paiaad 
hfCoiima; 

"That  vbmevai  any  doemtieat  or  nport  ahall  tw  ordend  piinled  by  ConicreM,  there  ahatl  be  pttoted 
Id  addition  lotba  Diuiber  In  each  cua  ilatcd,  the  'aaoa]  niuibeT' tl|BO0)  of  aoplaa  fat  blndJag  and 

lutrtliBtlon  amonsthoaa  eDtitled  torooelve  them." 

Cadn-Iheae  (laneml  lawa  It  will  bo  Ben  that  BOoa  of  tha  Survey  pnbllcatloiiB  are  fttnilBbed  to  It  (br 
BttnlUua  diatribntion.  The  3,000  ooplea  of  the  ADnoalSoportaredlBtrlbated  Ifaraugli  the  dooununt 
iMmofCangreaa.  The  l,MOcople«o(  caohof  the  poblldatlong  ere  dialrl^iBted  10  tbe  offii'craof  tha 
IttUitIre  and  eiecnUvo  departmenla  and  to  atated  dapoaltoriea  thnragboot  tha  Cullrd  SlaCf  b. 

Eieept,  thrrefnie,  In  tboM  caaca  where  an  extra  ntnuber  of  nos  publication  la  anpplied  to  this  oDc* 
V  tPKlal  naolntlon  of  Congreaa,  aa  baa  been  done  In  the  cua  of  the  SecDEd.  Third.  Fonrtb,  and  Flfih 
Aaniial  S*-perta,  or  where  a  nuinber  haa  been  ordered  for  Ita  nse  b3' the  Secretary  of  the  toterlor,  aa  la 
■lia  ease  of  Mineral  Reaonreea  and  Dictionary  of  Allltodea,  the  Snrray  haa  no  coplei  of  any  of  Ita  pob. 
Ucalinia  for  gratultona  diatribntion. 

umojii.  TtEPORTs. 

Of  tba  Ammal  Rcporta  there  have  bean  already  palillahcd: 

L  FlratAnnaal  Beport  la  iba  Hod.  Carl  Beharx,  hy  Clarence  Kln|.  1880.  S>.  TO  pv-  lja»p.—A 
prtllBlaaiy  report  deacrlbing  plan  of  orEanliallon  and  pntdlcaliona. 

U.  Iteport  of  the  l^beclor  of  the  Hidted  SUtea  Osoloaloal  Surrey  for  leSO-'SI,  by  J.  "W.  FowaU. 
IIBI   8^.    Ir,  688 pp.  lip].    Imap. 

HI.  Third  AnnnalRoport  of  the  United  StataaQaoloslealBiirrey.Isai-'IK  by  J.  W.FawelL  USt. 
t°.  itIU.  901  pp.   S7  pi  and  mapa. 

IV.  Fourth  Annual  Beport  of  the  UMtadStataaaeologloal  Surrey,  18S2-'Sa,  by  J.  V.PowaU.  UU. 
I*,  ill,  473  pp.  83  pL  and  mapa. 

the  Vlf  th  Annoal  Beport  U  In  pnaa; 

HCKCOaBATHS 

flo  fiw  aa  already  detannlnad  upon,  tbellatof  the  Uonoerapha  b  aa  foltowi: 

L  The  PrerloDB  Uetala,  by  Clanoce  King.    In  preparallnn. 

H.  TerllaryBlatnTjof  thaOraiiACanDaOlatrlct.  wlthatUB,byCept.C.E.1>atton.    Pnbllahad. 

ni.  0«^ofj  of  tba  Coaatook  Lode  and  Waahoe  Dlatrlct,  with  atlaa,  by  Qaoria  ff.  Oeokec.    Pub- 


IT.  ContatoekUlnlDeandMlnera,  by  Eliot  Lon 
V.  Coppcr-boailngBocluof  Lake  Superior,  by  Prof.  R.  S.  Irrhis.    Publiihed. 
Tt.  Older  Mwnolc  Flora  of  Tlrglulo,  by  Pnf  Gillian  U.  Fontaine.    Publiehed. 
Vn.  Sll<rcr-Iead  DBpoalta  of  Enreka,  Ifavada.  by  JMeph  3,  Cartta.     Fubliahad. 
T{!L  PalaantoIecY  of  the  Enteka  Diatrlct,  Ksraila,  by  Charlea  D.  Walcott,    In  preaa. 
a.  BiaelilvpadB  and  LamBllibranchiataof  tba  Baiitan  Clayn  and  Ureana  and  Maria  of  KewAr 
•ay,  by  B.  P.  IVhltOald.    In  praM, 


ADTERTISEUENT. 

0aolo|i7  and  Uinliig  Indartry  of  LMdillle,  irllh  itba,  bj  S. 

OeolDg;  of  tbe  Ennka  Hlslug  DtaMot,  Nc«ad»,  with  M 

Lake  BoimaTllle.  b;  O.  E.  Gilbert.    In  [irepusUoD. 

DlsooantB.    A  Uonogra]^  on  HI  fiTtloot  ordir  of  OnKnUtea,  b7  Piof  O.C.  Umh. 

Sumpodk.  by  Piof.  O.  C.  Uuib.    In  prapuMtoo. 

BtagOHUuta,  b;  Piot  O.  C.  Uanli.    In  pnpantjon. 

Of  tbe»  Monogrepb^  Nw.  IT,  III,  IV,  V,  TI,  ind  VU  »re  now  pnbllrtirf,  tIi  : 

n.  XertUry  History  of  the  OnuidCaflonDlitrict.'rithBtl*^  by  C.E.I>nltoii,C^rt..U.B.i.  UBS. 
40.    ZMpp.   42  pL  and  Atlas  aC^  double  slweU  folia.    Price  |10. 11. 

m.  Qeolosy  of  the  Comitock  Lode  end  Wuhoe  Clitilct.  wilh  atUe.  by  O.  T.  Beoker.  im.  «°. 
IT,  U2pp.    T  pL  and  Bdu  of  n  ibeeU  folio.    Price  tlL 

IV.  Ci»aM«>klIliilngaiidUlDen,byBllotLaTd.    1688.    i°.   liv,  Ul  pp.    8  pL    Price«l.M. 

T.  Copper-beaiioe  Book*  of  Lake  BnpeiloT,  by  Fnf.  B.  D.  Irrtss.  1S8S.  1°.  ivl.  IM  pp-  IS  pi. 
Piloe  fLSS. 

.  TL  CoDtribntloiu  (a  the  Knowledge  of  tbs  Older  Meeoioio  Fkm  of  Ttiflota.  by  WilUan  U.  Ton. 
taiao.  *ISa3.    V.    ili,  ISSpp.    ML    64 pL    Filoetl.05. 

Tn.  ^rer-lead  Deposits  of  Soreka,  JTerada,  by  Jiaeph  S.  Cottk*.  1«M.  4°.  idl.  2M  pp.  IG  pL 
Pcios  fLio. 

.  No*.  Vm  and  IZ  are  In  preaa  and  will  aoon  appear.  Tbe  othen,  to  vblab  nmsben  an  notasslgned, 
an  In  prepanUoD. 

BUU^TIMS. 

Tbe  Bnllotbu  of  the  Borvey  vUl  contain  sneh  pspen  nlatlng  to  tie  jnnenl  pmpoae  of  Ita  mA  u 
do  not  properly  eomo  nndei  th«  heads  of  AmuAL  BKFcmn  or  UOKOon^rBB. 

Sach  of  tbne  Bulletins  vilt  eont^n  but  one  paper  and  will  be  oomplete  In  Itself.  Tboy  will,  hew. 
OTBTf  be  nntnberedln  a  continuous  eerlea,  sod  will  In  IlqjebeanltedlotoTOlamesof  couTeolent  sit*. 
To  fiMlUtate  thl*  esoh  BoUetln  will  hare  two  pailitatiana,  ob*  pnper  to  Itaalf  and  aaotbir  which  be- 
lon^is  to  It  aa  part  of  the  Toluiue. 

Of  thi«  series  of  Bulletlna,  Nos.  1  to  la  are  already  published.  Til; 

1.  On  HjpentheDe-Andeslte  and  on  Tilcllnic  Pyroienc  in  Augltlo  Bocki,  by  Whitman  CraM,  with 
aQealajtlcalSketchof  Bnlrs]oPeak^Colo^ado,byS.F.£mmouj^   18E3.  B«.  42pp.    Zpl.  PrtselOoents. 

2,  Gold  and  SllTer  ConTenloa  Tables,  giving  tbe  eoinlog  nine  of  Troy  cnmoes  of  fine  motti,  ftc.  by 
Albert  Wmisma.  Jr.    18S3.    S°.    11.8  pp.    Price  5  cent*. 

8,  On  the  Foesll  Ftnuiaa  of  the  Upper  DeTonuin,  •laaK  the  Deritlitui  of  76°  80",  ftoui  Tompkins  County. 
New  York,  toBiadfordCounty.PennsylTanla,  byBeniyS.Williame.    1SS4.   8°.   8S  pp.   FriDeScenta. 

I.  OnUeeosoioPoaails,byChBrle(A.Whl(e.    1864.    »>.   Bt  pp.   Spi.    Frirat  cents. 

S.  A  Dlcthnury  of  Altitude*  in  the  United  SUtes,  compiled  by  HeniyGannttt.    1884.    >°.  m^. 

8.  BteTstlonstn  the  Dominion  of  Canadk,  by  J.  W.  Spencer.    1884.    V.    48  pp.    PrieeSeenta. 

T.  Hapotecs  Beologlca  Americana.  A  catalajcne  of  Kcologlc*!  mkpi  of  America  (Xorib  knd  Sonlfa). 
lTfiS-ie81.  by  Jules  Marcon  and  John  Belknap  Marcoa.    It^84.    8°.   184  pp.    PriceUcent*. 

8.  Od  Secondary  EnUrgements  of  Mineral  Fcagmeota  In  Certain  Boulu,  by  B.  I).  Irving  and  C.  B. 
TsDhlaa.    1884.    8°.    68  pp.    Price  10  cents. 

g.  ABeportoflhe'WorkDoneln  the  WssMagtonLaboratorydarlnKtbeeeeal  year  IBSS-W.  F.V. 
CUrke.  chief  rhemisti  T.  U.  Chatard,  saslstant.    1884.    e>.    40  pp.    Price  t  cents. 

ID.  On  the  Cambrian  Fannaa  of  North  Amerioa.  Prelltnlnary  stodlee  by  Charice  DooUtile  Wakott. 
1884.    8°.    74  pp.    Price  Scents.  • 

II.  On  the  Qoaterasry  and  Becent  MoUneca  of  the  Grrat  Baeln ;  with  DeaeripUani  of  Kew  Forma,  by 
B.  Ellsworth  CaU|  lutrodnced  by  a  sketch  of  the  Quaternary  Lakei  of  the  Great  Basla,  by  Q.  K- 
Gllbert    I8S4.    r>.    68  pp.    PrioeGcente. 

13.  A  CTTsCallojnaphle  Study  of  the  Thinollla  of  Lake  Lahontan,  by  Edward  S.  Daoa.  U81.  So, 
84  pp.   Price  E  eeots. 

18.  BoQDdartss  of  the  United  Stales  sad  of  the  several  States  and  Territoriea,  with  a  hliloiloal 
skatob  of  the  teniloriol  changes,  by  Henry  Gannett.    1888.    8°.    ISSpp.    Prloe  10  cants. 


A  fburth  sarie*  of  publlcatlone  having  apeolal  roferenra  to  tbe  mineral  reaonrceaof  the  United  State* 
is  contempUted.  Of  that  ioiiea  (he  Srst  hae  been  pabUshed.  tIx  :  Ulneial  Besonme  of  the  Unllad 
Stales,  by  Albert  Williams,  Jr.    1883.    8°.    ivil,  SlSpp,    Price  50  cents. 

Tbe  eacond  volume  of  this  series.  Ulneral  Statlstios  1883  and  1884, 1*  In  prepsration  sad  will  soon 
be  put  to  press. 

Correspondenoe  relattng  to  the  pnbUcaUana  of  the  Survey,  and  all  lemlttanots.  which  mult  be  by 
poatal  note  or  money  onler,  ihMild  be  addressed  to  the 

DiBicroK  Of  tat  Um>D  Sun*  Gsoumicai.  SmTsr, 
_  VosiMiwtM.  D.  a. 

WUBDfmOH,  D.  C.  January  II,  1888, 
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IiBTTBB  OF   TBA.KSUITTA.I<. 


Department  op  the  Intebiob, 
Unites  States  Geologioal  Subtet, 

Washington,  J).  C,  October  16, 18&L 
Sib  :  I  bare  tlie  honor  to  aabmit  herewith  a  sketch  of  the  boundaries 
of  the  United  States,  the  several  States,  and  the  Territories,  as  defined 
by  treaty,  charter,  or  statate. 

Besides  STi^n?  t^e  present  status  of  these  boondaries,.  I  have  en- 
deavored to  present  an  outline  of  the  history  of  all  important  obanges 
of  territory,  with  the  laws  appertaining  thereto. 

!niis  matter  was  in  great  part  prepared  under  the  direction  of  the 
Saperintendent  of  the  Census,  and  it  is  herewith  presented  for  publica- 
tion with  his  full  cononrrenoe. 

I  iiave  been  greatly  assisted  in  this  work  by  Mr.  Franklin  G.  Butter- 
Betd,who  was  formerly  connected  with  the  Gensos  Office,, by  whose 
labors  most  of  the  material  relating  to  the  boundaries  of  the  States 
Qpon  the  Atlantic  borders  has  l)eeu  compiled. 
Very  respectfully,  yours, 

HENRY  GANNETT, 

Chief  Geographer. 
Hon.  J.  W.  Powell, 
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CHAPTEE     I. 

BOUNDARIES  OF  THE  insTTED  STATES,  AND  ADDITIONS 
TO  ITS  TEKHITOHT. 

BOUNDARIES   OF  THE   UKITED   STATES. 

The  limits  of  tbe  United  States  were  first  definitely  laid  down  in  tbe 
provisional  treaty  made  with  Great  Britain  in  17S2.  The  second  article 
of  that  treaty  defines  the  boundary  between  the  United  States  on  the 
one  hand  and  the  British  Possessions  on  the  other,  as  follows: 

From  tbe  northweat  angle  of  Mova  Scotia,  viz,  that  angle  wblob  la  formed  byaliua 
dnwn  doe  north  &om  the  source  of  St.  Croix  river  to  the  higblaode ;  along  the  High- 
lands which  divide  those  riven  that  empty  themmlvea  into  the  river  St.  lAwtenoe, 
from  tbooe  which  fall  Into  the  Atlantic  Ocean,  to  the  northweflt«mro(Mt  head  of  CoU' 
DNlicat  Biver ;  thence  down  along  the  middle  of  that  livei  to  the  forty-fifth  degree 
of  north  latitude  ;  Itom  thence,  by  a  line  due  weet  on  said  latitnde  until  It  strikes 
the  river  Iroqnois  or  Cataraqny  (fit.  Lawrence);  tbenoe  along  the  middle  of  said 
Tivcr  into  Lake  Ontario,  throngh  the  middle  of  said  lalce  nntil  it  strikes  the  oommn- 
uieationby  water  1>etween  that  lake  and  Lake  Erie;  thence  along  the  middle  of  aaid 
commuDication  into  Lake  Erie,  tbrongh  the  middle  of  said  lake  until  it  arrives  at  tbe 
water  oommnnication  between  that  lake  and  Lake  Huron ;  thence  along  the  middle 
of  said  water  commuDication  into  the  Lake  Huron;  thence  through  tbe  middle  of 
taid  lake  to  the  water  communication  between  that  lake  and  Lake  Superior ;  thence 
through  Lake  Superior  northward  of  tbe  Isles  Boyal  and  Pbelippeanz  to  the  Long 
l4ke;  thence  throngh  the  middle  of  said  LongLak^,  and  the  water  oommnnication 
Iwtween  It  and  the  Lakeof  the  Woods,  to  the  said  Lake  of  the  Woods;  thenoe  tbrongh 
the  laid  lakcito  the  moat  northwestern  point  thereof,  and  fiom  thence  on  a  due  west 
ecniBe  to  the  river  Hiaeissippl ;  thenoe  by  a  line  to  be  drawn  along  the  middle  of 
tbesaldriverHisslseippi  vntil  it  shall  intersect  the  Dorthemmoat  part  of  the  tbirty-flnt 
degieeof  northlatitnde.  Sonth  by  a  line  to  be  drawn  dne  eaat  from  the  detennina- 
Iton  of  the  line  last  mentioned,  in  tbe  latitude  of  thirty-one  degrees  north  of  the 
EqoatoT,  to  the  middle  of  the  river  Apalachicola  or  Catabouohe ;  thence  along  the 
niddla  thereof  to  its  Junction  with  the  Flint  Hlver;  thence  strait  to  the  liead  of 
St.  Uary's  Elver;  and  thence  down  along  the  middle  of  St.  Mary's  Hlver  to  the  At- 
liDtie  Ocean.  East  by  a  line  to  be  drawn  along  the  middle  of  the  river  St.  Croix, 
turn  iU  mouth  in  the  Bay  of  Pnndy  to  its  source,  and  from  its  source  directly  north 
to  the  aforesaid  highlands  which  divide  the  rivers  that  fall  into  the  Atlantic  Ocean 
trom  tboae  wbiob  fall  Into  thp  river  St.  Lawr«uca ;  oompreheuding  all  islands  within 
twenty  leagues  of  any  part  of  tbe  shores  of  tbe  United  States,  and  lying  between  lines 
to  be  drawn  due  east  from  the  pointe  where  the  aforesaid  tKinndariee  between  Nova 
Scotia  on  the  one  part  and  East  Florida  on  the  other,  shall  respectively  touch  the  Bay 
of  Fundy  and  the  Atlantic  Ocean ;  excepting  such  islands  as  now  are,  or  heretofore 
bare  been  within  tbe  limits  of  the  said  province  of  Nova  Scotia. 
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The  bouudarj-  between  the  Uuited  States  and  the  Spanieh  PoeaeB- 
siona,  koowD  as  the  Floridas,  is  reaffirmed  in  the  treaty  l)etween  the 
United  States  and  Spain,  made  in  1795,  in  the  following  terms: 

Tbe  aoutbem  bonnilHr^  of  tho  UDited  Stat«B,  whicb  dividestheir  territory  from  tfa« 
Bpanu'li  coloniM  of  £a«t  aud  West  Florida,  shRll  ba  designated  by  a  line  beginning 
on  tbe  river  UiaflisBippi,  at  the  nortberoinost  part  of  the  tbirty-flnt  degree  of  latitude 
nortb  of  tbe  equator,  wblch  from  Ibence  Bball  be  drawn  due  east  to  tbe  middle  of  the 
river  Apalacbicola  or  Catuboucho,  tbeace  aloDg  tbe  middle  tbeteof  to  ils  jnnotioD  witb 
the  Fliot ;  tbence  atraigbt  to  the  bead  of  St.  Mary's  River,  and  tbence  dovn  tbe 
middle  tbereof  to  Ibo  Atlantic  Oeean. 

The  dpfliiitive  treaty  of  peace  witli  Great  Bri.taiii,  coDcluded  Septem- 
ber 3,  its;},  defines  the  Imundaries  of  the  United  States  in  terms  similar 
to  those  of  the  provisional  treaty. 

Tbe  northern  boundary  became  at  onceu  fniitl'ul  source  of  dissension 
between  the  two  countries.  From  ,the  time  of  the  cuoclnsion  of  peace 
almost  up  to  tbe  present  day  this  line  has  been  the  subject  of  a  series  of 
treaties,  commission?,  and  surveys  for  the  purpose  of  interpreting  its 
terms. 

The  followiug  is  in  outline  a  history  of  the  settlement  of  this  boundary : 

Tbe  fourth  article  of  t4ie  treaty  of  London,  signed  November  19, 1794, 
provided  tha't — 

WheKHu  it  ia  nncertaiii  wlietber  the  river  UlKSiBHiiijii  extends  so  far  to  the  uonb- 
ward  ae  tn  bo  intersecled  by  a  line  to  bo  drawn  due  ivcst  from  tbe  Lake  uf  (bo  Woods 
in  the  manner  oieulioned  in  tbe  treaty  of  peace  between  IJia  Majesty  and  the  United 
States,  etc.,  (be  two  pai-ttes  will  proceed  by  amicable  nrgotiatlou  to  regulate  Ibc 
boundary  line  in  Ibat  (iiiurtcr. 

This  matter  was  not  settled,  however,  until  1818. 

The  fifth  article  of  the  flame  treaty  mnkes  provision  for  settling  another 
donbtfnl  point,  as  follows: 

Whereas  doubts  buve  iirisen  what  river  was  truly  iuteiided  under  the  name  of  tbe 
river  St.  Croix  iiieiilioned  in  the  said  treaty  of  peace,  and  forming  a  part  of  the 
boundary  tberein  described,  that  qoestion  shall  be  refeireil  to  the  tinal  decision  of 
wmmissioiiH  U>  be  appointed  in  the  rollowing  manner,  viz. 

Here  follow  provisions  that  His  Majesty  and  the  President  of  the 
United  States  should  each  appoint  a  commissioner,  and  that  these  two 
com  miss ioners  should  agree  on  a  third,  or,  they  failing  to  agree  on  the 
third,  he  was  to  chosen  by  lot  in  their  presence. 

Which  was  the  true  St.  Croix  Kiver  had  l)een  a  matter  of  controversy 
between  the  f^oveinments  of  Massachnsetts  and  Nova  Scotia  since  the 
year  1704. 

The  commissi  oners  appointetl  under  the  Toregoiug  provisions  decided, 
on  the2i)th  October,  1T9S,  ihe  river  called  Schoodiac  and  the  north- 
ern branch  thereof  (called  Cliejmtnaticook)  to  be  the  true  river  St. 
Oroix,  and  that  its  source  was  at  the  uortberumost  headspring  of  the 
northern  branch  aforesaid.  A  monument  was  erected  at  that  spot  under 
the  direction  of  the  commissioners.  (See  Memoirs  of  Northeastern 
Boundarj',  Gallatin,  patres  7,  8  ) 

(4(J6) 
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By  the  treaty  of  peace  coDcladed  at  Obent,  December  24, 1814,  it  wus 
agreed  to  provide  for  a  final  adjnstmeDt  of  the  bonndaries  described  iu 
tbe  treaty  of  1783,  whieli  had  not  yet  beeo  aecertaiDed  and  determiued, 
embracing  certain  islands  in  the  Bay  of  Fuudy  and  the  whole  of  the 
boundary  line  from  the  source  of  the  river  St  <Jroix  to  the  moat  north- 
veatern  point  of  the  Lake  of  the  Woods. 

By  article  4  provision  was  made  for  a  board  of  commissioners  to  settle 
the  title  to  several  islands  in  tbe  Bay  of  Passamaqaoddy,  wbieh  is  a  part 
of  the  Bay  of  Fnndy,  and  the  island  of  Grand  Meuan  itt  the  said  Bay 
of  Fundy.  • 

Tbe  fifth  article  made-provision  for  a  board  of  commissioners  to  settle 
the  bonndary  from  the  sonrce  of  the  river  St.  Croix  northward  to  the 
highland  which  divides  those  waters  that  empty  themselves  into  the 
river  St.  Lawrence  from  those  which  fall  into  the  Atlantic  Ocean, 
tbence  along  said  highlands  to  the  uorthwesternmost  head  of  Conoeeti- 
cat  Biver,  tbence  down  along  the  middle  of  that  river  to  the  forty-fifth 
degree  of  north  latitude,  tbence  due  west  ou  said  latitude  until  it  strikes 
the  river  Iroqnois  or  Cataraqny  {St,  Lawrence). 

The  sixth  and  seveuth  articles  provided  for  commissioners  to  coii- 
tinne  tbe  line  to  tbe  northwestern  point  of  tbe  Lake  of  tbe  Woods. 

(For  further  details  see  treaty,  Statutes  at  Large,  vol.  8,  pages  220-2.) 

It  was  provided  by  tliis  treaty  that  in  case  any  of  tbe  boards  of  com- 
missieners  were  unable  to  agree,  they  should  make  separately  or  jointly 
a  reiwrt  or  reports  to  their  respective  Governments  stating  the  points 
on  whicli  they  difi'ered,  tbe  grouurls  on  which  they  based  their  respective 
opinions,  etc. 

Tbe»e  reports  were  to  be  reffrred  to  some  friendly  soveieign  or  state 
for  arbitration. 

Tbe  first  and  third  Iwards  of  commissioners  atwve  mentioned  came  to 
an  agreement,  and  Ihoseportiousof  the  bonudarj'  were  thus  finally  set- 
ded;  but  the  commisxion  appointed  under  tbe  fifth  article,  after  sitting 
nearly  five  years,  conid  not  a^ree  on  any  of  the  matters  referrwl  tb  (hem, 
nor  even  on  a  general  ma])  of  tbe  country  exhibiting  tbe  boundaries 
respectively  claimed  by  each  parly.  They  accordingly  made  separate 
r^rartu  to  their  Governments,  staling  tbe  points  on  which  they  diflei-ed 
and  the  grounds  upon  which  tbeir  respective  opinions  had  been  formed. 

The  first  of  these  commissions  awarded  Moore,  Dudley,  and  Freder- 
ick Islands  to  tbe  United  States,  and  all  other  islands  in  tbe  Passama- 
qito4ldy  Bay,  and  the  island  of  Grand  Meuan,  to  Great  Britain. 

Tbe  following  is  the  text  of  the  rei>ort  of  the  third  of  these  commis- 
sions which  had  under  consideration  that  portion  of  the  northern 
tmandary  between  the  jwint  where  tbe  forty-ttfth  parallel  of  north  lati- 
tude strikes  the  St.  Lawrence  and  the  point  where  the  boundary  reaches 
Lake  Superior: 

(467) 
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Decision  of  the  oommluioDerB  Duder  the  sixth  article  of  the  treaty  of  Oheiit,  done  at 
Utica,  in  the  State  of  New  York,  ISth  June,  1822. 

Wedodccideaoddeolare  that  the  foIIoiriDg-described  line  (which  iB  more  dearly  in- 
dicated OD  a  series  of  maps  aocompaoyiDg  thU  leport,  exhibiting  correct  eurveja  and 
delineations  of  all  the  riven,  lakes,  water  com  muni  cations,  and  islaods  embraced  by 
the  sixth  article  of  the  treaty  of  Ghent,  by  a  hlack  line  shaded  on  the  British  side 
with  red  and  on  the  American  side  with  blue ;  and  each  sheet  of  which  seriea  of 
maps  is  identiQed  by  a  certificate,  sabecribed  by  tbe  conuuissioners,  and  by  the  two 
principal  surveyors  employed  by  them)  is  the  true  iMUiitlary  inteoded  by  the  two  be- 
foremenlioned  tieaties,  that  Is  to  say : 

Beginning  at  a  stone  monnnient,  erected  by  Andrew  Ellicot,  esq.,  in  the  year  1817, 
on  the  sonth  baqb  or  sbor^  of  tbe  asid  river  Iroqaois,  or  Cataraqni  (dow  called  the 
St  Lawrence),  which  monnmeDt  l>ean  eonth  74°  45'  weetf  and  is  1,840  yards  dis- 
tant tronx  the  stone  chnrch  in  the  Indian  village  of  6t.  Begis,  and  indicates  the  point 
at  which  tbe  forty-flfth  parallel  of  north  latitude  strikes  the  said  river;  thence  mn- 
niug  north  35°  45'  west  into  the  river,  on  a  line  at  right  angles  with  tbe  sonth- 
em  shore,  to  a  point  100  yards  south  of  the  opposite  istand,  called  Cornwall  Island ; 
thence  turning  westerly  and  pssaing  aronnd  tbe  sontheni  and  western  sides  of  said 
island,  keeping  100  yards  distant  therefrom,  and  following  the  curvatnras  of  its 
ahores,  to  a  point  opposite  to  the  northwest  oomer  or  angle  of  said  island ;  thence 
to  and  along  the  middle  of  the  main  river  until  it  approaches  the  eastern  extremity 
of  Barnhart's  Islaad;  thence  northerly  along  the  channel  which  divfdes  the  last- 
mentioned  Island  ftom  the  Canada  shore,  keeping  100  yards  distant  ftxim  the  island, 
until  it  approaches  Sheik's  Island;  thence  along  the  middle  of  the  strait  which  divides 
Barnhart's  and  Sheik's  Islands  to  the  channel  called  the  Long  Sanlt,  which  separates 
the  two  last-mentioned  islands  from  tbe  iower  Long  Sautt  Island ;  thence  westerly 
{orossing  the  center  of  the  last-mentioned  channel)  nntil  it  approaches  within  lOO 
yards  of  the  north  shore  of  the  Lower  Sanlt  Island;  thence  up  the  north  branoh  of  the 
river,  keeping  to  the  north  of  and  near  the  Lower  Sanlt  Island,  and  also  north  of 
«nd  near  the  Upper  Sanlt,  sometimes  called  Baiter's  Island,  and  south  of  the  two 
small  islands  marked  on  the  map  A  and  B,  to  the  western  extremity  of  the  Upper 
Sault  or  Baxter's  Island ;  thence,  passing  between  tbe  two  islands  called  the  Cats, 
to  the  middle  of  the  river  above ;  thence  along  the  middle  of  the  river,  keeping  to 
'  the  Dortb  of  the  small  islands  mailed  C  and  D,  and  north  also  of  Chrystler's  Island, 
and  of  the  small  island  next  above  it,  marked  E,  until  it  approaches  the  north- 
east angle  of  Goose  Neck  Island;  thence  along  the  passage  which  divides  the  last- 
meutioued  island  fro  mthe  Canada  shore,  beeping  100  yards  from  the  island  to  the 
upper  end  of  the  same ;  thence  south  of  and  near  the  two  small  islands  called  the  Nut 
.  Islands ;  thence  north  of  and  near  the  island  marked  Y,  and  also  of  the  island  called 
Dry  or  Smuggler's  Island ;  thence  passing  between  the  islands  marked  G  and  H  to  the 
north  of  tbe  island  called  Isle  an  Rapid  Piatt;  thence  along  the  north  side  of  the  last- 
mentioned  island,  keeping  100  yards  fW>m  tbe  shore,  to  the  upper  end  thereof;  thence 
along  the  middle  of  the  river,  keeping  to  the  sonth  of  and  near  the  islands  called 
CoDSsin  (or  Tussin)  and  Presque  Isle ;  thence  up  the  river,  keeping  north  of  and  near 
the  several  Oallop  Isles  unmbered  on  the  map  I,  3,  3,  4,  5,  6, 7, 8,  9,  and  10,  and  alao 
of  Tick,  Tibbits,  and  Chimney  Islands,  and  south  of  and  near  the  Gallop  Isles  num- 
bered 11,  13,  end'  13,  and  also  of  Dock,  Dmmmond,  and  Sheep  Islands ;  thence  along 
the  middle  of  the  river,  passing  north  of  island  No.  14,  south  of  15  aud  16,  north  of  17, 
south  of  IB,  19,30,21,  22,  ii3,  24,  35,  and  28,  aud  north  of  36  and  37;  tlieuce  along  the 
middle  of  the  river,  north  of  Gull  Island  and  of  the  islands  Nos.  29, 33, 33,  34, 35,  Bluff 
Island,  and  Nos.  39,  44,  and  45,  and  to  the,south  of  Koe.  30,  31,  36,  Grenadier  Island, 
•nd  Nos.  37,  36,  40, 41,  43, 43,  46,  47,  and  48,  until  it  approaches  the  cast  end  of  Well's 
Island;  thence  to  the  north  of  Well's  Island,  and  along  the  strait  which  divides  it 


Jigitizec.yGoOgle 


eumr.]  KORTHEBN   BODNDART.  13 

from  Bowe's  Island,  keeping  to  the  nortb  pf  tbeBmalliglondsIfoa.  51,58,54,56,59,  and 
61,  lod  to  the  Bonth  of  tli«  small  islands  numbered  and  marked  49,  50,  5:t,  55,  57,  fiO, 
and  H,  nntll  it  approaches  the  northeast  point  of  Orindstone  Island ;  thence  to  the 
Dortb  of  Qiiadstone  Island,  and  keeping  to  the  north  also  of  the  small  islands  Nob. 
S3, 65,  67, 66, 70, 72, 73, 74,  75, 76, 77,  and  7H,  and  to  the  sonth  of  Noe.  63,  64,  66, 69,  and  71, 
uatillt appioacbea  thesonthem  point  of  Hickorj  Island;  thence  passiDg  to  tbesoatb 
o(HickoT)'  Island  and  of  the  two  small  islands  liriug  near  itn  eontbem  extremity,  nnm- 
t«redT9and80;  thence  to  the  sonth  of  Qrand  or  Long  Island,  keeping  near  itsBontheni 
ihare,  and  passing  to  the  north  of  Carlton  Island,  until  it  arrives  opposite  to  the 
soDtbweatem  poidi  of  said  Qrond  Island,  in  Lake  Ontario;  tbence,  passing  to  the 
Qorth  of  Greoadier,  Fox,  Stony,  and  the  Qallop  Islands,  iu  Lake  Ontario,  iind  to  the 
■outh  of  and  near  the  islands  called  the  Dncks,  to  tbe  middle  of  Che  said  lake;  thenoe  ' 
westerly  along  the  middle  of  said  lake  to  a  point  opposite  tbe  month  of  tbe  Niagara 
River;-  tbence  to  and  np  the  middle  of  the  said  river  to  the  Great  Falls ;  tbence  np 
tbe  Falls  tbroagh  the  point  of  tbe  Horse  Shoe,  keeping  to  the  west  of  Iris  or  Qoat 
Island,  and  of  the  gronp  of  small  islands  at  its  head,  and  following  tbe  bends  of  the 
rirerso  as  to  enter  tbe  strait  between  Navy  and  Ortind  jHlands;  tbence  along  the 
middle  of  said  strait  to  the  head  of  Navy  Island ;  tbence  to  the  west  andsonihof  and 
near  to  Grand  and  Beaver  Talands,  and  to  tbe  west  of  Strawberry,  Sqnaw,  and  Bird 
Islands  to  Lake  Erie;  tbence  southerly  and  westerly  along  tbe  middle  of  Lake  Erie  la 
a  direction  to  enter  the  passage  immediately  south  of  Middle  Island,  being  one  of  the 
eastemmott  of  the  groap  of  islands  lying  in  the  western  part  of  said  lake ;  thence 
■long  the  said  passagt,  proceeding  to  tbe  north  of  Cnnningham's  Island,  of  the  threa 
Boss  Islands,  aod  of  the  Western  Sister,  and  to  the  south  of  tbe  islands  colled  the 
Hsn  and  Chickens,  and  of  tbe  Eastern  and  Middle  Sisters;  thenoe  to  the  middle  of 
the  month  of  the  Detroit  River  in  a  direction  to  enter  the  obannel  which  divides 
Bois  Blanc  and  Sngar  Islands;  thence  up  the  said  channel  to  the  west  of  Bols  Blane 
Islaod,  and  to  the  east  of  Sugar,  Fox,  and  Stony  Islands,  nnCil  it  approaches  Fighting 
or  Great  Turkey  bland ;  tbence  along  tbe  western  side  and  near  tbe  shore  of  said 
last-meationed  island  to  the  middle  of  tbe  river  above  the  same ;  thence  along  the  . 
middle  of  said  river,  keeping  to  the  southeast  of  and  near  Hog  Island,  and  to  the 
Borthweet  of  and  near  the  island  Isle  k  la  F^be,  to  Lake  Saint  Clair ;  thence  tbroogb 
the  middle  of  said  lake  in  a  direction  to  enter  that  month  or  channel  of  tbe  river  St. 
Clair,  which  is  osnally  denominated  the  Old  Ship  Channel ;  tbence  along  the  middle 
of  said  channel,  between  Squirrel  Island  on  tbe  sontheast  and  Herson's  Island  on  the 
northweet.  to  the  upper  end  of  the  last-men tiuned  island,  which  la  neariy  opposite 
to  Point  an  CbAnee,  on  the  American  shore ;  thence  along  tbe  middle  of  the  river 
Saint  Clair,  keeping  to  the  west  of  and  near  tbe  islands  called  Belle  Riviere  Isle 
and  the  lale  anx  Cerfs,  to  Lake  Huron  ;  tbence  through  tbe  middle  of  Lake  Hnron  in  . 
■  diiectioa  to  enter  tbe  strait  or  passage  between  Drummond's  leland  on  the  west 
and  the  Little  Manltoa  Island  on  the  east ;  thence  throagb  tbe  middle  of  the  pas- 
■age  which  divides  the  two  last-mentioned  islands ;  tbence,  toming  northerly  and 
westerly,  aronnd  the  eastern  and  northern  shores  of  Dmrnmond's  Island,  and  proceed- 
ing in  m  direction  to  enter  the  passage  between  the  island  of  Saint  Joseph's  and  the 
American  shore,  passing  to  the  north  of  the  intermediate  islands  Ivoe.  61,  11,  10,  12, 
9,  6,  4,  and  8,  and  to  the  south  of  those  uambered  15,  13,  6,  and  I ;  thenoe  np  tbe 
•aid  last-mentioned  passage,  keeping  near  to  the  island  Saint  Joseph's,  and  passing 
to  tbe  north  and  east  of  Isle  it  la  Crosse  and  of  the  small  islands  numbered  16,  17, 1^ 
19,  and  SO,  and  to  the  south  and  west  of  those'  nnmber«d  21,  22,  and  23,  until  it 
itrikee  » line  (drawn  on  the  map  with  black  ink  and  shaded  on  one  side  of  the  point 
of  interaectlon  with  blue  and  on  tbe  other  with  red)  posalug  across  the  river  at  tbe 
bead  of  Saint  Joseph's  Island  and  at  the  foot  of  the  Neebish  Rapids,  which  line 
dcDotea  the  termination  of  the  bonndary  directed  to  be  ran  by  the  sixth  artiole  of 
the  treaty  of  Ghent. 
And  tbe  uid  oommiseloners  do  fhrtber  decide  and  det^are  that  all  the  island!  lying 


.oogic 


14  BOUNDABIES   OF   THE    UNITED    STATES.  \iiuu.n. 

in  the  riven,  lakes,  and  water  cominQDicatioQB  bettreea  the  b«faT«-deicribed  boDQd- 
ar;  line  ftiid  tbe  adjaceut  oLoruB  of  Upper  Canada  do,  and  each  of  them  doea,  belong 
to  His  Bcitanalc  Majesty,  and  tbotall  tho  islauilslj'iu^iii  the  rivers,  lakes,  and  iTat«r 
com  muni  cations  livtweeu  llie  said  boiiiidary  line  aod  the  adjac«ut  ehoresof  tbe  United 
States  or  tbeir  territoHen  do,  and  each  of  tbem  does,  l>eloQg  to  tbe  United  State»  of 
AmericH,  in  conformirj  n'ith  the  tnie  inletit  of  the  second  article  of  the  said  treaty  of 
1783,  and  of  the  sixth  article  of  tbe  treaty  of  Obent. 

By  the  secoud  article  of  tlie  coiiventiou  witb  Great  Britain — 1818 — 
tlie  boundary  liiiR  waa  exteutled  westward  aloug  the  forty-Dintli  par- 
allel of  latitude  to  the  "Stouy"  (liocky)  Mountains,  while  beyond  these 
tnouDtains  the  treaty  provided  that  the  country  should  remain  open  to 
both  parties.    The  terms  of  the  treaty  are  as  follows: 

Akticlk  'i.  It  is  agree<l  that  a  line  drann  from  tbt  mosl  uortbwosten)  poiut  uf  tbe 
Lake  of  tbe  Woods  along  the  forty-ninth  parallel  of  uortli  latitude,  or  if  Ibe  said 
point  shall  not  be  in  tbe  furty-niuth  parallel  of  north  latitude,  then  that  a  line  drawn 
from  the  said  point  dne  uorlh  or  south,  as  tbe  case  may  be,  until  the  said  line  shall 
■utersect  tbe  said  parallel  of  north  latitude,  and  from  tbe  point  of  such  intersection 
due  west  aloii|;  and  wiib  the  said  parallel,  shall  be  tbe  line  of  demarkation  between 
the  territories  of  the  United  States  and  tlinse  of  His  Hritannlo  M%|esly,  and  that  tbe 
said  liue  st.all  form  the  uortberu  bouodai'y  of  the  said  territories  of  the  United  StatM 
and  the  southern  boundary  uf  the  territories  of  His  Britaunlii  Mi^esty  from  the  Lake 
of  the  Woods  to  the  Stouy  Moiiutains. 

Akticlr  3.  It  is  agreed  that  any  country  that  may  he  claimed  by  either  party  on 
tbe  nortbnest  coast  of  America,  westivard  of  the  Stony  Hountains,  shall,  together 
witb  its  harbours,  bays,  aod  creeks,  and  tbe  navigation  of  all  rivers  witbin  the  same, 
be  free  and  open,  for  tbe  term  often  years  from  the  dateof  tbesignatareof  the  pre^ 
ent  convention,  to  the  vessels,  citizens,  and  snbjecta  of  the  two  powers ;  it  being  well 
understood  that  this  agreeifient  is  not  to  be  construed  to  the  prejudice  of  any  claim 
whiob  either  of  the  two  high  contracting  parties  may  liave  to  any  part  of  the  said 
country,  nor  shall  it  be  taten  to  alTect  the  claims  of  any  other  power  or  state  to  any 
part  of  the  said  country ;  the  only  object  of  the  high  contracting  parties  in  tbnt  re- 
spect being  to  prevent  dispatoa  and  ditfcrences  amongst  themselvee. 

In  1S24  negotiations  were  resumed  between  tbe  two  countries  for  the 
settlement,  among  other  things,  of  the  boundary  west  of  tbe  Bocky 
Mountains,  but  no  cooclusioa  was  reached ;  the  claim  of  tbe  English 
Government  being  that  tbe  bouiniary  line  should  follow  tbe  forty-uiath 
parallel  westwarjl  to  the  point  where  this  itarallel  strikes  tbe  great 
northwestern  branch  of  the  Columbia  Biver,  thencedown  the  middle  of 
that  river  to  tbe  Pacific  Oceaii. 

In  1826  negotiations  were  resumed,  and  several  compromises  were 
proposed  by  both  parties,  but  without  satisfactory'  results.  Alter  this 
the  whole  mutter  remained  in  abeyance  until  tbe  special  mission  of  Lord 
Ashbnrtou  to  this  country  in  184i. 

Meanwhile  the  unsettled  questions  regarding  the  nortbeastem  hoond- 
ary  again  came  up. 

Tbe  case  having  reached  that  stage  at  which  it  became  necessarj'  to 
refer  the  points  of  difference,  to  a  friendly  sovereign  or  8tat«,  tbe  two 
IK>wers  found  it  expedient  to  regulate  the  proceedings  and  make  pro- 
visions in  relation  to  such  reference,  and  on  tbe  29th  September,  1827^ 
concluded  a  convention  to  that  effect. 
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The  respective  claiintt  of  tlie  United  States  and  Great  Britain  v,vm  act 
follows,  viz : 

Boundary  claimed  hg  United  NMen. — Fioin  tiie  source  of  the  river  St. 
Croix  ^apoiut  of  depurtHre  imitiiallyncknowled^rod)  the  bouiidarv  slionld 
t»e  a  due  north  line  for  about  141)  roilea,  vroijsing  the  river  St.  John  at 
about  75  miles.  At  about  DT  miles  it  reaeheaa  ridge  orhi)ililand  which 
di\'ide8  tributary  ijtri-aiiiM  of  Ibe  river  81.  .lohn,  n-hi<;h  falls  into  the  Baj* 
of  Pundy,  from  thewaterK  id'tbe  river  iCistiguuche,  whiob  fatln  through 
the  Bay  dea  OhaleurK  iutn  the  (lulf  of  St.  Ija^rence.  In  its  further 
coarde  the  said  due  norlh  line,  alter  erossiiitr  several  upper  branches  of 
the  river  Kiutigiiucbe,  reaches,  at  at>out  14(1  miles,  tbe  lii(;li]ands  which 
divide  the  waters  of  the  said  river  Ristiffouclie  from  the  tributary' 
streanis  of  the  river  Metis,  which  falls  iuto  the  river  Sr>  Lawrence. 

Thence  the  line  should  run  westerly  and  sontli westerly  along  the  high- 
lands which  divide  tbe  sourws  of  the  several  rivers  (from  the  Metis  to  • 
tbe  St.  Francis)  that  emjity  themselves  into  ilie  river  St.  Lawrence — from 
the  sources  of  the  tribitlaries  of  the  rivers  Ristigouche,  St.  John,  Penob- 
scot, Kennebec,  and  Connecticut,  all  which  either  mexliately  or  immedi- 
ately fall  into  the  Atlantic  Ocean. 

Bowndary  claimed  by  Great  Britain. — From  the  source  of  the  river  St. 
Croix  the  bouu<lary  shoald  be  a  du.e  north  line  about  40  miles  to  a  point 
at  or  near  Mars  Hill ;  thence  it  should  run  westerly  about  115  miles  along 
the  highlands  that  divide  the  sources  of  the  tribntaries  of  the  river  St. 
John  from  the  sources  of  the  river  Penobscot  to  a  spot  called  Metjar- 
mette  Portage,  near  the  source  of  the  river  Ch&udibre. 

From  tbi»  point  the  line  coincides  with  the  line  claimed  by  tlie  United 
States  until  tbe  north  westernmost  bead  of  the  Connecticut  Kiver  is 
reached.  Great  Britqin  claimed  one  of  several  small  streams  to  be  the 
north  western  most  tributary  of  the  Connecticut  River,  and  tbe  United 
(States  another. 

The  King  of  the  Netherlands  was  selected  in  1829  by  the  two  Gov- 
eniments  as  the  arbiter,  and  each  laid  before  him,  in  conformity  with 
the  provisionsof  the  convention,  alt  tbe  evidence  int^iided  to  be  brought 
in  support  of  its  claim,  and  two  separate  statements  of  tbe  respective 
cases.  These  four  statements,  which  embrace  the  arguments  at  large 
of  each  party,  respectively,  have  l>een  printed,  but  not  published 
(1840). 

Tbe  award  of  tbe  King  of  the  Netherlands,  made  in  1831,  was  as  fol- 
lows, viz : 

Wt-  are  of,  the  opinion  tliat  it  wilt  b«  Bnitnble  (If  coitvimdra)  to  adopt  aa  tbe  boiiDd- 
■r;  of  the  two  «tat«a  a  liDu  drawu  <1ne  north  from  the  «onroe  of  tbe  river  St.  CroIx 
10  tbe  point  wliere  it  iuterspcU  Ihp  middle  of  tbe  Ihalwe);  of  tbe  river  St.  John; 
ibence  the  middle  of  the  thalweg  of  that  river,  asceudiug  it  to  tbe  point  where  the 
Iba  thalweg  of  the  river  Saint  (Lancia,  anoendiog  it  to  tbe  source  of  its  Hoatbweat- 
riv^  St.  Francis  empties  it«elf  iuto  the  river  SL  John;  thence  the  middle  of 
(471) 
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«rnmost  braach,  which  source  we  indicate  oa  the  Ma[i  A  b;  Ibe  letter  X,  aatheoti- 
eated  by  the  slguatare  of  our  mioister  of  foreigu  aSnirs ;  thence  in  a  line  drawn  due 
west  to  the  puint  where  It  uDit«i  with  the  line  claimed  by  the  United  Stntes  of 
America  and  delineated  on  the  Mnp  A;  thence  said  line  to  the  point  at  which, 
accerdin);  to  said  map,  it  coincides  with  that  claimed  by  Qreat  Britain,  niid  thence 
the  line  traced  on  the  map  by  the  two  poweia  to  the  north  western  must  source  of 
Connect  lent  River. 

We  are  ot  the  opinion  that  the  stream  situated  farthest  to  the  Dvrthwesf,  among  - 
these  which  fall  into  the  northernmost  of  the  three  lakes,  the  last  of  which  hears 
the  name  of  Connecticut  Lake,  must  be  conaidervd  as  the  northweaternmoet  head  of 
Connecticut  River. 

We  are  of  the  opinion  that  it  will  be  snitable  (tt  ooNtii«iidra)  to  proceed  t«  fresh 
operations  to  meoanre  the  obserred  latitnde  in  order  to  mark  ont  the  boundary  ttoia 
ri^er  Connecticnt  along  the  parallel  of  the  forty-Mth  degree  of  north  latitndo  to  tl>e 
river  S^nt  Lawrence,  named  in  the  treaties  Iroquois  or  Catanuiny,  in  snoh  a  mnoner, 
however,  that,  in  alt  cs«es,  at  the  place  called  Ronae'a  Point  the  territory  of  the  Uni- 
ted States  of  America  Hhall  extend  to  the  fort  erected  at  that  place,  and  shaH  include 
said  fort  and  its  kilometrical  radins  (raj/on  bilomeirique). 

However  disposed  tlie  Government  of  tbe  Uuited  States  might  liave 
been  to  acquiesoA  in  tbe  decision  of  tbe  arbiter,  it  bad  not  the  i>ower 
to  change  the  boandaries  of  a  State  witliont  tbe  consent  of  the  State. 
Against  that  alteration  the  State  of  Maine  entered  a  solemn  protest  by 
the  resolations  of  19th  January,  1832.  And  tbe  Senate  of  tbe  United 
States  did  accordingly  refuse  to  give  its  assent  to  the  award. 

The  arbitration  of  the  King  of  the  Netherlands  having  failed,  fiiiit- 
less  negotiations  ensned  for  a  period  of  eleven  years.  Unsnccessfnl  at- 
tempts were  made  to  conclude  au  agreement  preparatory  to  another 
arbitration.  The  snbject  became  a  matter  of  great  irritation,  coltisioDS 
occurred  in  tbe  contested  territory,  and  for  a  time  it  seemed  certain 
that  the  controversy  woald  resalt  in  war  between  the  two  [mwers.  In 
1842,  however,  Great  Britain  gave  uneqnivocal  proof  of  her  desire  for 
the  preservation  of  peace,  and  an  amicable  arrangement  of  the  matter 
at  issue,  by  the  special  mission  of  Lord  Asbburton  to  the  United' 
States.  The  subject  of  this  mission  was  the  settlement,  not  only  of  the 
northeastern  boundary,  bnt  the  northern  boundary  west  of  the  Bocky 
Mountains.  Regarding  this  object  of  his  mission,  Lord  Ashburton's 
instructions  gave  as  the  nltimatnm  of  the  English  Government  the 
boundary  as  above  sketched  (p.  14),  and,  natdrally,  his  mission  had  no 
result,  as  far  as  this  portion  of  the  boundary  was  concerned. 

An  agreement  was  reached,  however,  in  regard  to  the  northeastern 
boundary,  which,  the  consent  of  tbe  State  of  Maine  having  been  ob- 
tained, was  embodied  in  the  treaty  concluded  Angust-9, 1842. 

The  following  is  the  text  of  the  portion  of  this  treaty  relating  to  the 
boundary: 

Articlr  I.  It  is  benby  agreed  and  declared  that  tbe  line  of  boundary  shall  be  aa 

follows :  BeginniDg  at  the  monnment  at  tbe  sonrce  of  tbe  river  St.  Croix,  aa  deei^. 
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nated  wid  «f;Teed  ta  by  the  eammiMionem  Duder  the  fifth  article  of  tlMtratty  of  17M, 
between  the  OOTemmeiits  of  tho  United  States  and  Oiest  Britain;  thence  north,  fol- 
lowing die  exploring  Una  run  nnd  marked  by  the  enrreyon  of  the  two  QovemmentB 
in  the  feara  1817  and  1811^,  ander  the  fifth  article  of  the  treaty  of  Ghent,  to  ita  inter- 
■ection  with  the  river  Bt.  John,  and  to  the  middle  of  the  channel  thereof;  thence 
np  the  middle  of  the  main  Dbatmel  of  the  aaid  rirer  St.  John,  to  the  month  of  the 
river  Saint  yranoig;  thence  np  the  middle  of  the  ehanuel  of  the  aaid  river  St. 
Fimncis,  and  of  the  lakea  Ihrongh  which  it  flows,  to  the  ontlet  of  the  Lake  Pohenaga- 
iDDok ;  thenoe  eonthweeterly.  In  a  atraight  line,  to  a  point  on  the  northweat  branch 
of  the  river  BL  John,  which  point  shall  be  teu  miles  distant  from  the  main  branch 
of  the  Bt.  John,  in  a  straight  line,  and  in  the  nearest  direction,  bnt  if  the  said  point 
eliaU  ha  fonnd  to  be  leas  than  seven  miles  foam  the  ueanat  point  of  the  snmmit  or 
creat  of  the  highlands  that  divide  those  rivers  vhich  empty  themselves  into  the  river 
St.  lAwrence  ftom  those  which  fall  into  the,  river  St.  John,  there  the  said  point 
shall  be  made  to  recede  down  the  said  northwest  hrsnoh  of  the  river  fit.  John,  to  a 
point  Mven  miles  in  aetraightlineftom  the  laid  snmmit  or  crest ;  thence  in  a  straight 
line,  in  a  conrae  abont  loath,  eight  degrees  west,  to  the  point  where  the  parallel  of 
latilnde  46°  SS*  north  intersects  the  southwest  branch  of  the  8t,  John's ;  tbence 
southerly,  by  the  said  branch,  to  the  Eoeroe  thereof  in  the  highlands  at  the  Hetjar- 
mette  portage ;  thence  down  aktng  Che  said  highlands  which  divide  the  waters  which 
empty  themselves  Into  the  river  Saint  Lawrence  from  those  which  fall  Into  the  Atlantic 
Ocean,  to  the  head  of  Hall's  stream ;  thenee  down  the  middle  of  said  stream  till  the 
line  thns  rnn  intersects  the  old  line  of  b«nndary  surveyed  and  marked  by  Valentine 
and  Collins,  previonaly  to  the  year  1774,  as  the  45th  degree  of  north  latitude,  and 
which  baa  been  known  and  anderatood  to  be  the  line  of  actoal  division  between  the 
States  of  New  York  and  Vermont  on  one  side,  and  the  British  province  of  Canada  on 
the  other ;  and  from  aaid  point  of  intersection,  west,  along  the  said  dividing  line,  as 
heretofore  known  and  nuderatood,  to  the  Iroquois  or  fit.  Lawrence  River. 

Abticlx  II.  It  is  moreover  agreed  that,  from  the  place  wheie  tlie  joint  commia- 
kioners  terminated  their  labors  under  the  sixth  article  of  the  treaty  of  Ghent,  to  wit, 
at  a  point  in  theNeebiih  channel,  near  Muddy  Lake,  the  line  ahall  run  into  and  along 
the  ahip  ehannel,  between  St.  Joseph  and  Baint  Tammany  islanils,  to  the  division 
of  the  ehannel  at  or  near  the  head  of  St.  Joseph's  Island ;  thence  taming  eastwatdly 
and  northwardly  aronnd  the  lower  end  of  St.  George's  or  Sngar  Island,  and  foilow- 
og  the  middle  of  the  channel  which  divides  St.  Qeorge's  from  St.  Joseph's  Island; 
chenoa  np  the  east  Neebish  channel,  nearest  to  St.  George's  Island,  through  the  mid- 
dle of  lAke  Qeofg^;  thence  west  of  Jona^  Island,  into  St.  Mary's  River,  to  a  point 
in  the  middle  of  that  river,  abont  one  inile  above  St.  George'e  or  Sugar  Island,  so 
as  to  appropriate  and  assign  the  aaid  ialand  to  the  United  fitatee;  thence,  adopt- 
mg  the  line  traced  on  the  maps  by  the  commissi  oners,  through  the  river  St.  Mary  and 
i.ake  SapericH-,  to  a  point  north  of  He  Soyale,  in  said  lake,  one  hundred  yards  to  the 
north  and  east  of  lie  Chspeau,  which  last  mentioned  island  lies  near  the  uortheaatem 
point  of  lie  Boyale,  where  the  line  marked  by  the  cummiasioners  terminates;  and 
from  the  laaf-mentioned  point,  Bonthweateily,  thmngb  the  middle  of  the  sound  be- 
tween lie  Boyale  and  the  northwestern  mainland,  to  the  mouth  of  Pigeon  River,  and 
up  the  said  river,  to  aiid  through  the  north  and  south  Fowl  Lakes,  to  the  lakeeof  the 
height  of  land  between  Lake  Superior  and  the  Lake  of  the  Woods;  thence  along  the 
water  eommnuication  to  Lake  Salaagluaga,  and  throogh  that  lake ;  thence  to  and 
Uirongh  Cypress  Ijtke,  Lac  duBoia  Blanc,  Lao  la  Croix,  Little  Vermillion  Lake,  and 
Lake  Namecan,  and  throogh  the  several  amaller  lakes,  straits,  or  at  reams,  counecting 
tiie  lakea  hero  mentioned,  tu  that  point  ioLocIa  Pluie,or  Rainy  Lake,at  the  Chandii-n> 
Falla,  from  which  ihe  commissioners  traced  the  line  to  the  most  northwestern  point 
t-f  the  Lake  of  the  Woods;  tbence,  along  the  said  line,  to  the  said  moat  north  westcni 
yoitxt,  being  in  latjtnde  49°  23'  &5"  north,  and  in  longitude  96°  14'  3b"  west  from  Ibc. 
oti«ervatary  at  Greenwich;  thence,  according  to  existing  treaties,  due  south  to  lis  in- 
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tersAction  with  the  forty-ninth  parkUel  of  north  Iatitn4«,  tni  Along  th«t  pinnd  to 
the  Bocky  Hoantalna.  It  being  nndorstood  that  all  the  water  commonloatiant  and  ■!] 
the  oenal  portages  along  the  line  ftom  Lake  Snperior  to  the  Lake  of  the  Woods,  and 
also  Grand  Portage,  trom  the  ahore  of  Lake  Superior  to  the  Pigeon  BiTer,  sa  now 
aotnallf  need,  ehall  be  free  and  open  to  the  aae  of  the  citieena  and  aubjeote  of  Itoth 
oeantriea. 

ASTIOLB  Vn.  It  ia  further  agreed  that  the  ohannela  in  the  river  St.  Lawrence,  on 
both  eidee  of  the  Long  Sanlt  ialsnda,  and  of  Bamhart  laUnd ;  the  channele  in  theriTer 
Detroit,  on  both  aides  of  the  island  Boia  BUno,  and  between  that  leland  and  bath  ths 
Ameriosn  and  Cejiadian  shores,  and  all  theiseTersl  channels  and  passages  between 
the  varioQs  islands  lying  near  the  Jnnotion  of  the  rirer  St.  Clsir  with  the  lake  of  that 
name,  shall  be  eqnally  free  and  open  to  the  ahips,  vessels,  and  boats  of  both  parties. 
Between  1843  and  1843  there  was  coDsiderable  negotiation  regard- 
ing the  bonndary  west  of  the  Eocky  Monntains,  reaulting  Anally  in  the 
W6bater-Aahbnrtou  treaty,  wliieh  defined  the  bonndary  aa  far  west  as 
the  straits  of  Jaan  de  Fnca.  The  following  is  that  {XHilon  of  the  treat? 
which  defines  the  bonndary. 

TKEATT  WITH  OSBAT  BBTTAIN,  1846. 

AmiCLB  I.  From  the  point  on  the  forty-ninth  parallel  of  north  latitude,  wbsitt  the 
booDdary  laid  down  in  existing  treaties  and  conventions  between  the  United  States 
«nd  Great  Britain  terminates,  the  line  of  bonndary  between  the  terrilories  of  the 
United  States  and  those  of  Her  Britannic  Majesty  shall  be  oontjnned  westward  along 
the  said  forty-ninth  parallel  of  north  Istitnde  to  the  middle  of  the  channel  which 
wparates  the  continent  ftom  Vanconver's  Island,  and  thence  sootherly  throngh  the 
tniddle  of  the  said  channel,  and  of  Foca's  Straits  to  the  Pacific  Ocean :  Pnmdtd, 
louseer.  That  the  navigation  of  the  whole  of  the  said  channel  and  straits  sonth  of 
the  forty-ninth  paiallel  of  north  latitude  remain  free  and  open  to  bolli  partice. 

Akticuc  IL  E^m  the  point  at  which  the  forty-nintli  parallel  of  nortlk  latitude 
shaJIbefonndtointersect  the  great  northern  branch  of  the  Columbia  River,  the  nav- 
igation of  the  eaid  branch  shall  be  f^ee  and  open  to  the  Hodson's  Bay  Company,  »nd  to 
all  British  subjects  trading  with  the  same,  to  the  point  where  the  said  branoh  meets  ! 
the  main  stream  of  the  ColniDbia,aDdthenoe  down  the  said  main  stream  to  the  ooean, 
with  ftee  access  into  and  throngh  the  said  river  or  riven,  it  being  nndentood  that  all 
the  nanal  portages  along  the  line  thus  described  shall,  in  like  manner,  be  ftee  and 
open.  In  navigating  the  said  river,  or  rivers,  British  subjects,  w!th  their  gooda  and 
produce,  shall  be  treated  on  the  same  footing  as  citizens  of  the  United  8tal«a ;  it  be- 
ing, however,  always  nnderstood  that  nothing  in  this  artiole  shall  be  oonetmed  as 
preventing,  orintending  to  prevent,  theGovemment  of  the  United  States  Item  making 
any  ragalations  respecting  the  navigation  of  the  said  river  or  rlrers  not  inoonniBtent 
with  the  present  treaty. 

The  above  treaty  extended  the  line  westward  from  the  Bocky  Moant- 
ains  to  the  Pacific  along  the  forty-ninth  parallel  of  latitude.  This  set- 
tied  the  northern  bonndary  with  the  exception  of  the  islands  and  pas- 
sages in  the  straite  of  Georgia  and  of  Jaan  de  Fnca,  the  English  clalin- 
ing  that  the  boundary  should  properly  run  throngh  the  Bosario  strait, 
the  most  eastern  passage,  while  the  United  States  claimed  that  it  sbonld 
naturally  follow  the  Canal  de  Haro. 

This  matter  was  finally  settled  by  a  reference  to  Uie  Emperor  of  Oer- 

many  as  an  arbitrator,  who  decided  it  in  &Tor  of  tita  United  Statea  on 
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tb»  2lBt  of  October,  1872,  ^m  finaJly -disposiDg  of  oar  bonndair  witt 
Great  Britain. 


ADDinONB  TO  THE  TESKITOBT  Of  THE   nHITED  8TATBB. 


The  regioD  mbseqaently  known  as  the  territory  of  LoDiaiana  was 
originally  claimed  by  Franoe,  by  virtne  of  discovery  and  occnpation. 

In  1712  France  made  a  grant  to  Antoine  de  Ciozat,  of  tbe  ezclnflive 
right  to  the  trade  of  tbia  region.  As  tfais  grant  makes  the  first,  and 
indeed  tbe  only  statement  of  the  limits  of  this  vast  region,  as  they  were 
Qoderstood  by  France,  a  portion  of  it  is  here  introduced. 

We  h*Te  by  theoe  preaenta  signod  with  oar  band,  sothoriEed,  ftad  do  sathorize  tb» 
Slid  Sienr  Crouit  to  oarry  on  ezclDaiT«ly  the  trftde  in  all  tbe  territoriefl  by  as  pog- 
wa«d,  and  bonnded  by  New  Hexloo  and  by  tboae  of  tbo  Engllab  in  Caiolina,  all  the 
tihibliahiDeutB,  porta,  harbors,  riTon,  and  eapeciaUy  tbe  port  and  harbor  of  Danphin 
lalaad,  fonnBrly  called  Haasaore  Island,  th»  rivor  St.  Lonia,  formerly  called  the 
Uiaunippi,  tiwa  the  seaahore  to  the  Ulinois,  together  with  tbe  river  SL  Philip, 
fonnerly  called  the  HissonrieB  River,  and  the  St.  Jerome,  formerly  called  the  Wabaah 
(the  Ohio),  with  all  the  conotriei,  territorieB,  lakes  in  the  land,  and  tbe  rivers  empty- 
iog  directly  or  iudireotly  into  that  part  of  the  river  St.  Loaia.  All  the  said  terri- 
twisa,  emintriM,  rirera,  streanu,  and  iaUnda,  we  will  to  be  and  remain  oorapzised 
vtin  the  name  of  tb/a  Ooremment  of  Lonlatana,  which  shall  be  dependent  on  the 
general  Government  of  New  France,  and  lemain  aabordlnate  to  it,  and  we  will,  more- 
over, tliat  all  the  teiritoriea  whioh  we  poaaeaa  on  thia  ride  of  tJie  Illinoia,  be  united, 
H  far  aa  need  be,  to  the  general  Government  of  New  Franoe,  and  fbrm  a  part  thereof; 
reserving  to  onrself,  nevertbeleai,  to  inoroaae,  if  we  Jndge  proper,  tbe  extent  of  the 
govenmtemt  of  the  aaid  oonntry  of  Loaisiana. 

Fnnn  tbia  it  appears  that  LoniBiana  was  regarded  by  France  as 
comprising  the  drainage  basin  of  tbe  Mississippi  as  far-north  as  the 
mouth  of  tbe  Ulinois,  with  those  of  all  its  brancbes  whicb  enter  it  be- 
low this  pointy  including  the  Missoari,  bnt  excluding  that  portion  in  the 
southwest  claimed  by  Spain.  It  is  moreover  certain  that  the  area  now 
comprised  in  Washington,  Oregon,  and  Idaho  was  not  inclnded. 
Crozat  sarrendered  this  grant  in  1717. 

On  November  3, 1762,  France  ceded  this  region  to  Spain,  defining  it 
<Hilf  am  the  province  of  Loaisiana.  A  few  months  lator,  on  February  10, 
17^,  by  tbe  treaty  of  peace  between  Great  Britain,  France,  and  Spain, 
the  western  bonndary  of  the  former's  possessions  in  tbe  'Sew  World,  was 
placed  in  ihe  center  of  the  Mississippi  Biver,  thas  reducing  tbe  area 
of  Loniaiana  by  the  portion  east  of  the  Mississippi  Biver. 

By  the  treaty  of  San  Ddefooso,  October  1, 1800,  Spain  transferred 
back  to  Fnuice  the  balance  of  the  province  of  Lonisiana. 

Immediately  after  this  transfer  became  known,  which  was  on  Ko- 

vember  30, 1803,  measures  were  set  on  foot  by  President  Jefferson  for 
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secoring  in  Bome  way  ffee  acceas  to  tb«  Bea  by  wi^  of  the  Mississippi 
Siver.  CircnmstancvB  favored  this  negotiation.  Bonaparte  was  at 
that  time  iD  almost  daily  expectation  of  a  declaration  of  wta  by  Great 
Britain,  in  whlcb  case  the  first  act  of  tbe  latter  woald  be  to  seize  the 
inoath  of  the  Mississippi,  and  witb  it  tbe  province  of  Looisiana.  Under 
tiiese  circamatftuces  Bonaparte  offered  to  sell  the  province  to  tbe  Uaiteil 
States,  and  tbe  offer  wan  promptly  accepted.  The  consideration  was 
60,000,000  f^Dcs  and  the  assnniptioD  by  the  United  States  of .  tbe 
"French  spoliation  claims,"  which  were  estimated  to  amoonfe  to 
$3,760,000. 

The  treaty  of  cession,  which  bears  dat«  April  30, 1803,  describes  (Ae  ter- 
ribH^onlyas  being  the  same  asceded  by  Spain  to  France  by  the  treaty 
of  Ban  IldcfoDSO. 

From  this  it  appears  that  the  territory  sold  to  the  United  States  com- 
prised that  part  of  the  drainage  basin  of  the  Mississippi  which  lies  west 
Of  tbe  coarse  of  the  river,  witb  the  exception  of  such  parts  as  were  tben 
held  by  Spain.  The  waot  of  precise  definition  of  limits  in  the  treaty 
was  not  objected  to  by  the  American  commissionera,  as  they  probab'y 
foresaw  that  this  very  indefiniteneas  might  prove  of  service  to  the 
United  States  in  future  negotiations  with  other  powers.  In  fact,  the 
claim  of  the  United  States  to  the  area  now  comprised  io  Oregon,  Wauh- 
ington,  and  Idaho  in  the  negotiations  witb  Great  Britain  regarding  tbe 
northwestern  boundary,  was  ostensibly  baaed,  not  only  upon  prior  oc- 
cupation and  npoD  purchase  from  Spain,  but  also  upon  the  alleged  fact 
that  this  area  formed  part  of  the  Louialaoa  purchase.  That  this  claim 
was  baseless  ia  shown  not  only  by  what  has  been  already  detailed  re- 
garding tbe  limits  of  the  purchase,  but  also  by  the  direct  testimony  of 
the  French  plenipotentiary,  M.  Barb6  Marboia.  Some  twenty  years  after 
the  purchase  he  published  a  work  upon  Louisiana,  in  which  he  detailed 
at  some  length  the  negotiations  which  preceded  the  purchase,  and^  re- 
ferring to  this  qneation  said  :  ''The  shores  of  tbe  weatem  ocean  were 
certainly  not  comprised  in  tbe  cession,  but  already  the  United  States 
are  established  there." 

There  is  also  contained  in  this  work  a  map  of  the  country  between 
the  Misaieaippi  and  the  Pacific,  on  which  the  extent  of  Louisiana  to  the 
westward  is  indicated  by  a  line  drawn  on  the  one  hundred  and  tenth 
meridian,  which  is  not  far  fttim  the  western  limit  of  the  drainage  baein 
of  the  Miseisaippl  in  Wyoming  and  Montana.  That  part  of  the  country 
now  comprised  in  Oregon,  Washington,  and  Idaho,  which,  it  has  been 
claimed,  formed  part  of  the  purchase,  bears  the  following  legend :  "  Ter- 
ritories and  countries  occupied  by  the  United  States,  following  the  treaty 
of  ceasiou  of  Louiaiana." 

From  thia  it  appears  that  tbe  limits  of  the  Louisiana  purchase  can 
no  longer  be  a  matter  of  diacnssiou }  but  although  the  United  States 
certainly  did  not  purchase  Oregon,  as  a  part  of  Louisiana,  it  is  no  less 
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certuJD  tbat  that  great  area  west  of  the  Boohy  HoaDtains  fell  into  their 
hnDds  as  a  direct  uongeqaence  of  snch  parcbase. 


Tbe  seooiKi  addition  to  the  territory  of  the  United  States  coosiatod  of 
the  Ploridas,  parehaaed  from  Spain  on  February  22, 1819.  From  the 
date  of  the  Louisiana  parcbase  in  1803,  the  territory  bounded  by  the 
MissiHSippi  Riier  on  the  west,  the  Perdido  on  the  east,  the  parallel  of 
31=  oil  tlie  north,  and  the  Gulf  ou  the  south  had  been  in  dispute  between 
tlu:two  countries.  Diiriug  this  time  it  had  been  practically  in  thepoa- 
session  of  the  I'liited  States.  This  purchase  settled  these  conflictiug 
rlaiiDB. 

The  following  is  tbe  clanee  in  the  treaty  with  Spain  ceding  the  Flor^ 
iilM  which  defines  the  cession : 

Am.  Q.  Hia  Cattaoliu  Majesty  cedes  to  tLe  United  Stalea,  iu  full  properly  aud  sot- 
rteignty,  «U  the  terriWriCB  nliicli  Iwlong  to  hJTU,  situated  to  tbe  eastward  of  the 
Miwtnippi,  knonn  by  tbe  n(une  of  Eant  and  Weat  Floiida,  tbe  adjacent  islaads  da- 
pcDdcDt  npou  said  province,  etc. 

A  further  article  Id  this  treaty  defines  the  boundary  between  the 
United  States  and  the  Spanish  Possessions  in  the  sonthwest,  as  follows : 

The  banndary  line  between  tbe  two  coniitriaa,  west  of  tbe  Miulwlppi,  Hball  begin 
(iQ  Ibe  Gulpb  of  Uexico,  at  tbe  month  of  the  river  Sabine,  in  the  tea,  continning 
oarth,  along  tbe  WMtem  bank  of  that  river,  to  the  tbirty-seoond  degree  of  latitade; 
thence  by  a  line  dne  north  to  tbe  degree  of  latitude  where  it  strikes  the  Bio  Boxo  of 
.VwbitoeheB,  or  Red  Kivor ;  then  following  the  conrse  of  the  Rio  Roxo  to  the  degree 
af  longftode  100  weat  from  London,  or  about  'J2'-  west  of  Washington ;  then  crossing 
tlie  gaid  Bio  Boxo  and  running  thence,  by  a  tine  dae  north,  to  the  Blver  Arkansas ; 
theoce,  following  the  oonrae  of  the  aoutbem  bank  of  the  Arkansas,  to  Its  sonroe  in 
lititnde  42  north;  and  thence  hy  tbat  parallel  of  latitude  to  the  South  Sea,  the 
itbole  being  as  laid  down  in  Heliiib'B  map  of  the  United  States,  published  at  Phila- 
dctphia,  improved  to  the  1st  of  January,  ISIS.  Bnt  if  tbe  source  of  the  Arkansaa 
Kivsraliall  be  found  to  fall  north  or  sooth  of  latitude  48,  then  tbe  line  aball  run  from 
tb«  Mid  MMUce  doe  south  or  north,  as  the  case  may  be,  till  it  meets  tbe  MiA  parallel 
of  latitude  42,  and  thence  aloug  the  said  parallel  to  the  South  Sea,  all  the  Islands  In 
tbe  Sabliw  »nd  the  said  Red  and  Arkantas  Bivera,  throughont  tbe  coiu'se  tbna  de- 
Kribed,  to  belong  to  the  United  States ;  bnt  the  use  of  tbe  waters,  and  the  naviga- 
tion of  the  Sabine  to  the  sea,  and  of  the  said  rivers  Boxo  and  Arkansas  throughout 
tb«  extent  of  the  said  boundary  on  their  respective  bunks  shall  be  commov  to  the 
Mpeetlre  Inhabitants  of  both  nations. 

mil. 

The  next  acquisition  of  territory  was  that  of  the  Republic  of  Texas, 
vhidi  was  admitted  as  a  State  on  December  29, 1845.  The  area  which 
Texu  InoDght  into  the  Union  was  limited  as  follows : 

AD  Uie  land  lying  east  of  tbe  Bio  Orande  and  embraeed  witbln  the  limits  of  the  Bio 
tinnde  on  the  west  and  sontb  and  tbe  boundary  between  the  United  States  and 
^pain  Mnder  the  Florida  treaty  of  1W19,  on  the  east,  viz,  tbe  Sabine  Blver,  thenoa 
north  to  tb«  Red  Blver,  thence  up  tbe  Red  River  to  the  one  hundredth  meridian  wait 
of  Oreonwtch,  thenee  due  north  to  the  Arkansas  Biver,  tbencB  up  the  ArkaMM  Blvor 
<n  it«  eoorce  and  down  the  Rio  Orande. 
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Id  1818  a  further  addition  was  made  to  oar  territory  by  the  treaty  of 
Ooadalape-Hiclalgo,  TtuB  added  to  the  conatry  the  area  of  Oaliforuia, 
Kevada,  Utah,  and 'parts  of  Colorado,  Arizona,  and  Kew  Mexico,  while 
the  Oadsden  purchase,  which  was  effected  in  1853,  added  the  remainder 
of  Arizona  and  another  part  of  Sew  Mexico. 

The  treaty  of  Gnadalnpe-Hidalgo  was  conclnded  Febmary  2, 1848, 
and  proclaimed  Jaly  4, 1848.  Theclauses  in  it  defining  onr  acquisition 
of  territory  are  as  follows : 

Abticle  V.  The  txrandary  Hoe  between  the  two  republics  shall  commenoe  in  tlie 
Golf  of  Hexioo,  three  leagues  from  land,  opposite  the  month  of  the  Rio  Grande, 
otherwise  called  the  Bto  Bravo  de1Nort«,  oroppocite  the  month  of  its  deepest  branch, 
if  it  ahoald  have  more  than  one  branch  emptying  into  the  sea ;  trom  thenoe  np  the 
middleof  that  river,  fbllowlngthe  deepest  channel  where  It  hasmorethanoos,  to  the 
point  where  It  strikes  the  southern  bonndary  of  New  Hexioo;  thence  westwardli; 
along  the  whole  southern  boundary  of  New  Mexioo  (which  mna  north  of  the  town 
called  Paso}  to  its  western  termination ;  thenoe  northward  along  the  western  line  of 
New  Mexico  until  it  intersects  the  first  branch  of  the  liver  Gila  (or  if  Itehonld  not 
Intersect  any  branch  of  that  river,  then  to  the  point  on  the  said  line  nearest  to  snoh 
branch,  and  thenoe  in  a  direct  line  to  the  sftme) ;  thence  down  the  middle  of  the  said 
branch  and  of  the  said  river  nntil  It  emptlea  into  the  Bio  Colorado;  thenee  across  the 
Rio  Cohirado,  fbllowing  the  division  line  between  Upper  and  Lower  CaUfbmla,  to  tho 
Pacific  Ocean. 

Tbesonthem  and  weatemUmitaof  New  Uexioo,  mentioned  In  this  artlele,  are  thoae 
laid  down  in  the  map  entitled,  ' '  Hap  of  the  United  Uexiean  States  as  organised  and 
defined  hj  various  acts  of  the  Congress  of  said  Bepnblio,  and  eonstructed  aooording 
to  the  best  authorities.  Bevised  edition.  Published  at  New  York,  In  1847,  bj  J.  Dia- 
tninell;"  of  which  map  a  copy  is  added  to  this  treaty,  bearing  the  rignatnrM  and 
■e^  of  the  undersigned  plenipotentiaries.  And.  in  order  to  preclude  all  dlfBonlty  in 
ttMing  upon  the  ground  the  limit  separating  Upper  ftom  Lower  California,  it  ia 
■greed  that  the  said  limit  shall  eonslat  of  a  straight  line  drawn  ftxim  the  middle  of 
the  Bio  Gila,  where  It  unites  with  the  Colorado,  to  a  point  on  the  coast  of  the  Pacific 
Oeeon,  distant  one  marine  leogne  due  sonth  of  the  sonthemmoet  point  of  the  port  of 
San  Diego,  aooordlng  to  the  plan  of  said  port  made  In  the  year .  I7SB,  h  j  Dob  Jnau 
Pant(tl»>  second  sailing-master  of  the  Spanish  fleet,  and  published  at  Hadtid  In  tbe 
yeariaCS,  In  the  atlas  to  the  voyage  of  ths  scbooneis  8ntU  andUexioana;  of  wbloh 
plan  a  copy  la  heiennto  added,  signed  and  sealed  by  the  respective  planipotentiarfeB. 


Sabaeqaently,  on  December  30, 1853,  a  eecond  porchaae  was  made  of 
Mexico,  consisting  of  the  strip  of  laud  lying  sonth  of  the  Gila  Biver, 
in  N'ew  Mexioo  and  Arizona.  The  boundaries  as  established  by  this, 
known  ab  the  Gadsden  purchase,  were  as  fbllows: 

Articlk  I.  The  Uexloan  3B«pnbllo  agrees  to  designate  the  following  as  hev  truo 
limits  with  the  United  States  for  the  ffatnre:  Retaining  the  same  dividing  line  be- 
tween the  two  Callfomias  as  already  defined  and  established,  according  to  the  fifth 
ar^leof  the  treaty  of  GnadolBpe-Hidalgo,  the  limits  between  the  two  ropabllos  shall 
ba  as  follows :  Beginning  in  tbe  Gulf  of  Hazleo,  three  leagues  from  land,  opposite  th« 
BKKith  of  the  Bio  Oronde,  as  provided  in  ths  fifth  article  of  the  treaty  of  Onadalapc- 
Hidalgo;  thsnee,  asdeflnedintheaaldartlole,  np  themiddleof  that  river  to  the  point 
where  the  parallel  of  31*'  47*  north  latltade  oiosses  the  sane ;  thenoe  dne  weat  ona 
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IiDDdnd  milea ;  thence  south  to  the  parallel  of  31°  SO'  north  lAtitade ;  thence  along  tha 
said  parallel  of  31°  Htf  to  the  one  hundred  and  eleventh  meridian  of  longitude  west 
of  Qreenwioh;  thence  in  a  Kraight  line  to  a  point  on  the  Colorado  Biver  twenty 
Eogliah  miles  below  the  Junction  of  the  011a  and  Colorado  Biven;  thenoe  np  the 
middle  of  the  said  river  Colorado  until  it  interaeots  the  present  tine  between  the 
United  Btatea  and  U«zioo. 

AUIU. 

There  remains  but  one  acqiiisitioD  of  territory  to  the  United  States 
from  foreign  powers,  viz,  that  of  Alaska,  purchased  &om  Bosaia.  The 
rreaty  of  paruhaae  was  signed  on  March  30, 1867,  and  proclaimed  Jane 
:^0, 1867.  The  bonndariea  of  the  territory  are  described  in  the  aocom- 
psDjing  quotation  &om  the  treaty : 

Commencing  &om  the  aontherDmoBt  point  of  the  island  called  Piinoe  of  Wales  Island, 
vhichpdmt  lies  in  the  parallelofM*^  40"  north  latitude,  and  between  the  onehnndred 
and  thirtf-fltst  and  one  hnndred  and  thirty-third  degree  of  west  longitude  (meridian  of 
flraenwioh),  the  said  line  shall  aioeDd  to  the  north  along  the  channel  called  Portland 
CfaannelM&T  as  the  point  of  the  continent  where  it  strikes  the  fiftf-Bizth  degree  of  north 
Latitude;  from  this  last-mentioned  point,  the  line  of  dematkation  shall  follow  the  auiu- 
mit  of  the  mountains  situated  parallel  to  the  coast,  aa  far  aa  the  point  of  intersection 
vTlbe  (Mie  hundred  and  forty-flrat  degreeof  west  longitude  (of  the  same  meridian) ;  and, 
fioally,  ftoni  the  said  point  of  interaeotioD,  the  said  meridian  line  of  the  one  hundred 
and  feity-fitat  degree  in  its  prolongation  ••  fkt  as  the  FroMo  Ocean. 

TV.  With  refbrenoe  to  the  line  of  deroarkatton  laid  down  in  the  preceding  article. 


1st.  Hut  the  island  called  Prince  of  Walea  Island  shall  belong  wholly  to  Bnssio, 
(now,  by  this  cisBion,  to  the  United  SUtes). 

a.  That  nbenever  the  summit  of  tile  mountains  which  extend  in  a  direction  par- 
allel to  the  coAst  from  the  Gfly'Sixth  degree  of  north  latitude  to  the  point  of  lutetMctioa 
of  Um  one  hnndred  and  forty-flrst  degree  of  west  longitude  shall  prove  to  be  at  the 
litfanm  at  moie  than  ten  marine  leagues  from  the  ocean,  the  limit  Iwtween  the  Brit- 
ith  posaesalo—  and  the  line  of  coast  wUoh  is  to  belong  to  Boseia,  aa  abere  mentioned 
(tbatlataaay,  the  limit  to  the  paaecMi«u  oedadby  this  eonmntion),  shall  Iwftmned 
by  a  Una  parallel  to  the  winding  of  the  aoaat,  and  which  ah^l  neT»  exceed  the  dia- 
tanee  of  ten  marine  leagoea  therefh>m. 

no  wcatem  limit  within  which  the  territories  and  dominion  conveyed  are  con- 
tained paaaea  Unoagh  a  point  in  Behring's  Htrstts  on  the  parallel  of  65°  30*  north  lati- 
tad^  at  tta  iBtaraeatkin  by  the  meridian  which  pasaea  midway  between  the  islands  of 
KmsMwtaru  w  IgnaloA,  and  ttie  ialand  of  Batmanot^  or  Koonerbook,  and  ptoaeeda 
doe  aarQi  without  limitation  into  the  same  Froien  Ooean. 

Hm  aome  weatem  limit,  beginning  at  the  same  initial  point,  proceeds  tiience  in 
a  MDtao  naorly  sontliwest  through  Behriug's  Straits  and  Behring's  Sea,  so  aa  to  pass 
i^woykatwesp  the  northwert  point  oftho  island  of  Saint  Lawrence  and  the  soutb- 
•ast  palat  of  C*^  Cbookotski  to  the  meridian  of  one  hnndred  and  aeventy-two  west 
Ingitode,  thence  from  the  intersection  of  that  meridian  in  a  sonthweeterly  dfieetlon, 
n  aa  to  poaa  midway  l>etweeu  the  island  of  Attore  and  the  Copper  Island  of  the  Kor- 
■aadwdd  oonplet  or  group,  in  the  North  Pacific  Ocean,  to  the  meridian  of  one  hun- 
dred aad  Binrty-three  degrees  west  longitude,  so  as  to  loclndo  in  the  torrltory  con- 
Kjed  the  whole  of  the  Aleutian  Islands  west  of  that  meridian. 

The  oonsideration  paid  for  the  Territory  of  Alaska  was  $7,200,000,  in 
gold. 
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OHAPTBE  II. 

THE   FUBIjIC   DOSLAIN   AND   AN  OUTIjINB   OP  THB  HIS- 
TOBT  or  CHANOB8  HADE  THEREIN. 

CESSIONS    BY    THE   STATES. 

At  tbe  time  the  Constittitioa  was  adopted  by  the  original  tbirteen 
States,  maoy  of  tbem  possessed  unoccnpied  territory,  in  some  cases  en- 
tirely detached  and  lyings  west  of  the  Appalachian  Mountains.  Thns, 
Georgia  isclnded  the  territory  from  its  prcseut  eastern  limits  westward 
to  the  Mississippi  Kirer.  North  Carolina  possessed  a  narrow  strip  ex- 
tending Irom  latitude  35°  bo  36°  30',  approximately,  and  rnnning  west- 
ward to  tbe  Mississippi,  inclading  besides  Its  own  present  area  that  of 
the  present  state  of  Tennessee.  InlikemannerjVirgiuiapossessedwbat 
is  now  Kentucky,  while  a  number  of  States,  aa  Pennsylvania,  New  York, 
Massachusetts,  and  Connecticut,  laid  claim  to  areas  in  what  was  after- 
ward known  as  the  Territory  ITorth  west  of  the  River  Ohio,  a  region  which 
is  now  comprised  mainly  in  the  States  of  Ohio,  IndianEt,  lUioois,  Michi- 
gan, and  Wisconsin.  These  claims  were  to  a  greater  or  less  extent  ooa- 
flicting.  In  some  cases  several  States  claimed  authority  over  the  same 
area,  while  the  boundary  lines  were  in  most  cases  very  iU-deOned. 

The  ownership  of  these  western  lands  by  individaal  States  was  op- 
posed by  those  States  which  did  not  share  In  their  possession,  mainly 
on  the  ground  that  the  resources  of  the  General  Government,  to  whi<^ 
all  contributed,  should  not  be  taxed  for  the  protection  and  development 
of  this  region,  while  its  advantages  would  inure  to  the  benefit  of  bat  a 
'  favored  few.  On  this  ground  several  of  tbe  States  refiised  to  ratify  the 
Constitution  until  this  matter  had  been  settled  by  the  cession  of  these 
tracts  to  the  General  Government. 

Moved  by  these  arguments,  as  well  as  by  the  consideration  of  the 
conflicting  character  of  the  claims,  which  must  Inevitably  lead  to  trouble 
among  the  States,  Congress  passed,  on  October  30,  1779,  the  following 
act: 

WhersM  the  appropriation  of  the  vaoaut  lauds  by  the  several  Statea  dnriag  the 
preaent  war  will,  in  the  opinion  of  Congren,  be  attended  with  great  mlsolilob :  Thwe- 

ItMolved,  That  it  be  ean)e«tly  recommeaded  to  the  State  of  Virginia  to  reocmaidar 
their  lat«  sot  of  aMBmbljr  for  opening  their  land  office ;  and  that  it  be  leoomineaded 
in  the  aaii  State,  and  all  other  Statea  similarly  oironmstanced,  to  foxbeai  aettling  or 
iwining  wamuita  for  nnappropriated  lands,  or  granting  the  aaine  daring  tbe  eeath) 
nuDoe  of  the  preaent  wttr. 
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This  Fcsolotion  was  traBsmitted  to  the  different  States.  The  first  to 
respond  to  it  hy  the  transfer  of  her  territory  to  the  General  Government 
was  Sew  York,  whose  example  was  followed  by  the  other  States. 

These  cessions  were  made  on  the  dates  given  below : 

Sew  York,  March  1, 1781. 

Virginia,  March  1, 1784. 

Jlfassachasetts,  April  ]9, 1785 

Counecticat,  September  13, 1783. 

Tlie  Counecticut  act  of  cession  reserved  an  area  in  the  northeasteni 
jiart  of  Ohio,  known  as  the  Western  Reserve.  On  May  30, 1800,  Con- 
iiectient  gave  to  the  TJnited  States  jnrisdictioa  over  this  area,  bat  with- 
out giving  up  its  property  rightsin  it. 

South  Carolina,  Angust  9,  1787. 

Kortli  Caroliua,  February  2a,  1790. 

Georgia,  April  24, 1802. 

The  following  paragraph  from  the  deed  of  cession  by  New  York 
tiehnea  the  limits  of  its  cession  to  the  General  Government : 

Now,  there&i«,  kDOw  je,  that  yre,  the  aaid  James  Dnaiie,  William  Floid,  and  Alex- 
fader  U'Donfpill,  by  Tirtue  of  tlie  power  and  authority,  and  in  the  exeontion  of  the 
Inut  r«poeed  in  na,  u  afereuid,  have  Jndged  it  ezpadtont  to  limit  and  restrict,  and 
«(■  do,  by  tbese  preeenra,  fur  and  in  behalf  of  the  said  State  o(  New  York,  limit  and 
Ritrict  the  bonodariea  of  the  said  State  in  the  weatem  parts  thereof,  with  respect  to 
tlw  jariadiction,  aa  well  as  the  right  or  pre-emption  of  soil,  hy  the  linea  and  in  the 
form  follow  log,  that  u  to  say :  a  line  from  the  northeast  ooroer  of  the  State  of  PetiD- 
^tv.'uiia,  along  the  north  boands  thereof  to  its  norUiwest  comer,  eoutinned  due  weat 
DDtil  it  »bM  be  iuteneoted  by  a  meridian  line  to  be  drawn  Crom  the  forty-flflh  degree 
o[  north  latitnda,  throngh  the  moat  westerly  bent  or  inclination  of  Lake  Ontario; 
tbenee  by  the  said  meridian  line  to  the  forty-6ft))  degree  of  north  latltode;  and 
thence  by  the  a^d  forty-flftb  degree  of  north  latitude ;  but  if,  on  experiment,  the 
above-deacribed  meridian  line  shall  not  comprehend  twenty  miles  dne  west  from  the 
■MM  neaterly  bent  or  inclination  of  the  river  or  Htnut  of  Niagara,  then  we  do,  by 
tbeMs  preaents,  in  the  name  of  the  people,  and  for  and  on  behalf  of  the  State  of  New 
Tork,  and  by  virtue  of  the  authority  aforesaid,  limit  and  restrict  the  boundaries  of 
the  said  State  in  the  weatem  parts  thereof,  with  respect  to  Jurlsdiotion,  aa  well  as  the 
ri^tof  pre-emption  of  aoil,  by  the  linea  and  in  the  manner  following,  that  la  to  say: 
a  Une  trout  the  northeast  oomer  of  the  State  of  Fennaylvanl^,  along  the  north  bonnda 
thereof  to  tta  Dorthweat  ocffoer,  continued  dne  wast  until  it  shall  be  luterseoted  by  a 
neridiaa  line,  to  be  drawn  from  the  forty-fifth  degree  of  north  latltode,  through  a 
point  twenty  mllee  dne  west  fhim  fhe  moat  westerly  bent  or  inolination  of  the  riyer 
er  strait  IHagara ;  thence  by  the  said  meridian  line  to  the  forty-flfUi  degree  of  north 
latitodo,  and  thence  Ity  the  said  forty-flfth  degree  of  north  latitude. 

The  deed  of  cession  by  Virginia  gives  no  limits,  ftirtber  tban  to  specify 
that  the  lands  transferred  ioclnde  only  those  lying  northwest  of  the 
river  Ohio. 

The  followtag  paragrapb  from  the  deed  of  cession  by  Massachnsetti 
gives  the  limits  of  the  area  ceded : 

*    *     *     We  do  by  theaa  preaents  aaaign,  transfer,  qaitolalm,  eeda,  and  oonvaf  ta 

the  Itettod  Statoi  ot  Amerioa,  for  their  beneat,  Uaassohnsatta  tnelnaiva,  all  tight, 

lM«y  and  eatate  of  and  in,  as  well  the  soil  as  the  Jarlsdiotioa,  which  the  aald  Ooaa- 

(481) 


■ooglc 


26  BOUKDABIEB  OF  THE    UNITED  STATES.  [wu-u. 

monwe^lth  bath  to  the  territory  or  tract  of  conotry  within  the  limit*  of  Maaaacha- 
«etta  charter  aituate  and  lying  west  of  the  following  line,  that  is  to  ssy,  a  moridiMk 
line  to  be  drftwu  from  the  forty-fifth  degree  of  north  latitnde  throogh  the  weaterly 
beat  or  iDcliu&tion  of  Lake  Ontario,  thence  by  the  said  meridian  line  to  the  moat 
sontherlj  side  line  of  the  territory  oont«lned  in  the  HMaach^uetta  otiarter ;  bnt  if 
on  experiment  the  above- desori bed  meridian  tine  ahall  not  comprehend  twenty  miles 
doe  west  f^m  the  most  westerly  bent  or  inclination  of  the  river  or  strait  of  Kiagara, 
then  we  do  by  these  preaents,  by  virtue  of  the  power  Siud  aatbority  aforesaid,  in  the 
name  and  ou  behalf  of  the  aaid  Commonwealth  of  HassachDaetts,  transfer,  qnitclnim, 
oede,  and  convey  to  the  United  States  of  America,  for  their  benefit,  Hasaachnsetta 
inclasive,  all  right,  title,  and  estate  of  and  in  sa  well  the  soil  as  the  Jnrisdiotion, 
which  the  said  Commonwealth  hath  to  the  territory  or  tract  of  country  within  the 
limit*  of  the  Massachusetts  charter,  situate  and  tying  west  of  the  following  line,  that 
ia  to  Bay,  a  meridian  line  to  be  drawn  from  the  forty-&fth  degree  of  north  latitude 
throagb  a  point  tweDty  miles  dae  west  ftvm  the  most  westerly  bent  oi  inclination  of 
the  river  or  atrait  of  Niagara ;  thenoe  by  the  said  meridian  line  to  the  most  sontiierlf 
side  line  of  the  territory  oontaioed  in  the  Hassocbasetta  charter  afbreaaid. 

The  followiag  clause  &om  the  act  of  the  legLalatnre  of  Connecticut^ 
aothorizing  the  cession,  ctefines  its  limits : 

Bt  U  enacted  •  •  '  That  the  delegates  of  thia  State,  or  any  two  of  them,  wbtf 
shall  beattendtDgtheCongresaof  the  Unit«d  States,  be,  and  they  are  hoMby,  directed, 
anthorized,  and  fully  empowered,  in  the  name  and  behalf  of  this  State,  to  make,  ex- 
eonte,  and  deliver,  nnder  their  hands  and  seals,  an  ample  deed  of  release  and  Mssion 
of  all  the  right,  title,  interest,  jurisdiction,  and  claim  of  the  State  of  Conneotiont  to 
certain  western  lands,  beginning  at  the  completion  of  the  forty-firat  degree  of  north 
latitude,  one  hundred  and  twenty  miles  west  of 'the  western  boundary  line  of  the 
Comiiion wealth  of  Pennaylvania,  aa  now  claimed  by  said  Commonwealth,  and  from 
thenoe  by  a  Une  drawn  north,  parallel  to  and  one  hundred  and  twenty  miles  west  of 
the  Hid  west  line  of  Pennsylvania,  and  to  continue  north  until  It  cornea  to  ftnty-two 
degreesand  two  mjjiates  north  latitude.  Whereby  all  the  rigbt,  title,  tntMeat,  juria- 
diotion,  and  claim  of  the  State  of  Conneotiont  to  the  lands  lying  west  of  said  line  to 
be  draws  as  aforementioned,  onehnndredandtwenty  miles  west  of  the  western  bound- 
ary line  of  the  CommonweaHli  of  Pennsylvania,  aa  now  oloimed  by  said  Common- 
wealth, shall  be  inelnded,  released,  and  ceded  to  the  United  States  in  Congresa  «•- 
aembled,  fbr  the  oommon  use  and  benefit  of  tho  said  States,  Connecticut  Inolosive. 

The  cession  of  Sontb  Oarolina  was  described  as  follows : 
*  *  *  All  the  territory  or  tnot  of  eonntiT  inelnded  within  the  rinr  *"r*'**'rT' 
and  a  Une  beginning  at  that  part  of  the  said  river  which  Is  Inteneeted  by  the  MMtham 
boundary  llaeof  theStateodforth  Carollua,  and  oontinning  along  the  said  boundary 
line  until  it  intersecta  the  ridge  or  ottain  of  mountains  which  divides  the  eaatani  from 
the  western  waters,  then  to  he  continued  along  the  top  of  said  ridge  of  monntaiiu 
nntll  it  interaeets  a  line  to  he  drawn  due  west  from  the  head  of  the  aoDtltHn  braneb 
of  Tugaloo  Biver  to  the  said  roonntoins;  from  thenoe  to  mBadnawestaouae  totlM 
river  UiMiaalppi. 
The  State  of  Xorth  Oarolina  ceded— 

The landesituated  within  theehartered  limitaof  the  8tate,weat  Of  a  line  beginning 
on  the  axtteme  height  of  Stone  Hirantain,  at  the  place  wheir  the  Virginia  line  inter- 
sects it ;  running  thence  along  the  extreme  heigh  t  of  the  said  mountain  to  the  place 
where  the  WataagaRivecbreoksthroagh  it;  theocea  direct  couteetothetop  of  the  Yel- 
low Hoontain  when  Brigbt'sioaderoesea  the  same;  thence  along  the  ridgeoftbesaid 
mountMU,  between  the  waters  of  Doe  Biveriiud  the  watenof  RockCre^k,  to  the  place 
where  the  road  creeaes  the  Irou  Mountain;  ftwnthencealong  the  extreme  height  of  the 
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■lidmMmtkintowheiBNoIechDokjKlTrantiia  tbiaagh  tbewme  ;  thence  to  tha top  of 
the  B«Id  Monntaia ;  thence  aloog  the  exteeme  height  of  the  »«id  monotaiii  to  th« 
FuDted  Bocl,  on  French  Broad  Biver ;  thence  along  the  highest  ridge  of  the  uid 
noBstain  to  the  plaoe  where  It  is  called  the  Great  Into  oi  Bmoky  Vonntain ;  thence 
(long  the  extreme  height  of  the  laid  monntain  to  the  place  where  it  is  called  the  Uniooy 
or  tlnakaMonntain,  between  the  Indian  towna  of  Cowee  and  Old  Chota;  thenoe  along 
the  OMin  ridge  of  the  Mid  moantain  to  the  Mmthem  bonndary  of  this  State. 

It  will  be  noted  tbat  the  above  desoriptioa  of  the  eastern  boaodary  of 
her  ceded  poaaeBsioos  agrees  in  general  terms  with  the  description  ot 
the  irastem  bouodai?  of  North  Carolina,  as  given  on  page  &6, 

The  articles  of  cessioD  by  Georgia  describe  the  area  ceded  as  follows : 

The  land*  sitoa  ted  within  the  bonndaiieeof  the  United  Statee,  soatb  of  the  State  of 
TanneNee  and  weat  of  a  line  beginning  on  the  weat  bank  of  the  Chattaboaohee  River, 
wbemtLenmeeroaBea  the  boondar;  line  between  the  United  Statea  and  Spain;  thenoe 
tnnmug  op  the  aaid  Ttrer  Chattahonobee  and  along  the  weatera  banfc  thereof  to  the 
giait  bend  thervof,  next  above  the  place  where  a  certain  creek  or  river,  called  Ucbee 
(being  the  firtt  considerable  stream  on  the  western  side,  above  the  Cnssetaa  and  Coweta 
lowns),  emptiea  into  the  s^d  ClMttahoachee  Biver ;  thenoe  in  a  direct  line  to  Nioka- 
jaek,  on  the  Tennenee  Biver;  thence  oroasiiig  the  hut-nientioned  river,  and  thenoe 
rannii^np  the  Mid  Tetmeeaee  River  and  along  the  western  bank  thereof  to  the  wmth- 
aa  bonndarr  line  of  the  State  of  Teuneaeee. 

Of  the  area  thns  ceded  to  the  General  QoTemment,  the  part  lying  north 
of  the  Ohio  was  afterwards  erected  into  the  "Territory  Korthvest  of  the 
Sittt  Ohio,"  end  the  balance,  lying  soathof  tbat  nvtx,  was  known  as  the 
"Tcnitory  Soath  of  the  Biver  Ohio," 
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Tl^  teaitaxy  was  bounded  on  the  west  by  the  MiisiBsippi  and  the  in- 
tmatlonal  boondary,  on  the  north  by  the  boandaiy  line  between  the 
United  States  and  tlie  British  Possessions,  on  the  east  by  the  Fennsyl- 
Tuiia  and  yew  Tork  state  lines,  and  on  the  sonth  by  the  Ohio  Biver. 
It  comprised  an  area  of,  approximately,  266,000  sqnaie  miles.  It  was 
msde  np  of  dflims  of  different  States  as  follows : 

L  Virginia  nnoontested  olaims,  which  oimsisted  of  all  the  territory 
vest  of  Peon^ylvania  and  north  of  the  Ohio  to  the  forty-first  parallel  of 
Dorth  latitade,  besides  her  claim,  by  captore,  as  far  as  the  nortiiem 
limits  of  the  laud  under  the  crown  which  had  been  sobjeot  to  the  joris- 
diction  of  the  provinces  of  Quebec  and  to  Lakes  Michigui  and  Huron. 

2.  The  claim  of  Connecticut,  which  extended  ftom  the  forty-first  par- 
allel northward  to  the  parallel  of  42°  2',  and  fh)m  the  west  line  of  Penn- 
sylvaiiia  to  the  Mississippi  Biver. 

3,  The  fHaim  of  Massaohasetts,  whioh  extended  ftom  the  north  line 
(tf  the  Connecticut  clum  above  noted  to  13<>  43*  12"  north  latatadc^  and 
fam  the  eastern  boundary  of  New  York  to  the  Mississippi. 
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4.  TUe  belt  or  zodb  lying  oortb  of  the  Maasachasetts  claim,  extend- 
ing theoce  to  the  Canada  line  and  west  to  the  Mississippi  Biver,  was 
claimed  to  bare  been  obtained  hy  the  treaty  of  peace  of  Great  BiitaJD, 
September  3,  1783. 

5.  At  the  cession  by  the  state  of  Virginia,  both  Hassaehosetts  and 
New  York  claimed  the  Erie  purchase  of  about  316  sqnare  miles,  which 
w&«  subsequently  bought  by  Pennsylvania  and  added  to  that  State. 

From  this  territory  were  formed  the  following  States :  Ohio,  Indiana, 
Illinois,  Michigan,  Wisconsin, that  part  of  Minnesota  eastoftbe  Missis- 
sippi Biver,  and  the  northwest  comer  of  Pennsylvania. 

In  1787  ft  bill  for  its  provisional  division  into  not  less  than  three  nor 
more  than  five  States  was  passed  by  Congress.  In  this  bilt  the  limits 
of  the  proposed  States  were  defined,  corresponding  in  their  north  and 
south  lines  to  the  bonndaries  of  Ohio,  IlUuoia,  and  Indiana,  as  at  pres- 
ent constituted.  The  following  gives  the  text  of  the  clause  defining 
these  bonndaries: 


Abticlx  h.  There  shall  be  fonned  in  the  said  territory  not  lesa  than  three  nor  more 
tbtLD  Svo  States;  and  the  bonndariea  of  the  States,  as  soon  as  Virginia  shall  alter  her 
act  of  coasion  and  consent  to  the  same,  shall  become  fixed  and  e!<tabliBbed  ae  follows, 
to  wit:  The  western  State,  in  said  tenitoir,  sbaU  be  boanded  by  the  Mississippi,  tbe 
Ohio,  and  the  Wabuh  Biver ;  a  direct  line  drawn  ftom  the  Wabaah  and  Post  Tinoenta, 
dne  north,  to  the  territorial  line  between  the  United  States  and  Canada ;  and  by  the 
•aid  territorial  line  to  the  Lake  of  the  Woods  and  Mississippi.  The  middle  State 
shall  be  bounded  by  the  said  direct  line,  the  Waba^  Ttoia  Post  Tincenta  to  the  Ohio, 
by  the  Ohio,  by  a  direct  line  drawn  due  north  from  the  month  of  the  Great  MW"*'  to 
the  said  territorial  line,  and  by  the  said  territorial  line.  The  eastern  State  sbaU  be 
bounded  by  the  last-mentioned  direct  line,  the  Ohio,  PennBylvania,  and  the  aald  ter- 
ritorial line:  Provided,  Aowmmt,  And  It  i«  further  nnderstood  and  deolarM,  lliat  the 
boondariu  of  them  thiee  States  shall  be  sobjeot  eo  far  to  be  altered,  that,  if  CoDKreM 
ehall  herean«r  find  it  expedient,  they  aball  have  anthority  to  form  one  or  two  Statea 
in  that  part  of  the  said  territory  which  lies  north  of  an  east  and  west  line  drawn 
throaf^h  the  sontherly  bend  or  extreme  of  Lake  Michigan. 

Passed  Jnly  13, 1767. 

The  provisions  of  this  bill  seem,  however,  never  to  have  been  carried 
out.  A  provisional  government  was  instituted  in  1788.  By  act  of 
May  7, 1800,  Congress  divided  this  territory  into  two  territorial  gov- 
ernments, the  divisional  line  being  a  meridian  passing  throngh  the 
month  of  the  Kentncky  Biver  and  extending  thence  northward  to  the 
Canada  border.  The  eastern  portion  became  the  "  Territory  Northwest 
of  the  Biver  Ohio,"  and  the  western  portion,  Indiana  Territory-. 

On  November  29, 1802,  the  State  of  Ohio,  comprising  most  of  the 
former,  was  formed  and  admitted  into  the  Union,  while  the  remnant  <tf 
tt  was  added  to  Indians  Territory. 

In  1800,  all  that  portion  of  Indiana  Tenitoiy  lying  north  of  a  parallel 
(«4) 
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thiongh  the  most  eoatherly  bend  of  Lake  Uicliigan  andeastt^a  meridian 
drnwD  throDgfa  the  same  point  became  ttie  Territory  of  Michigan.  The 
boaodarybetweentheae  territories  was  snbseqnentlyverymnoh  changed, 
at  Till  appear  in  the  aeqnel. 

By  act  of  Febniaiy  3, 1809,  Indiaoa  Territory  was  again  divided,  and 
the  Territory  of  Dlinois  vas  created  from  the  part  lying  vest  of  the 
Wabash  Biver  and  a  meridian  ranning  tbrongb  t^e  city  of  Tinoennes, 
exteodiag  thence  to  the  Canada  line. 

In  1S16  Indiana,  and  in  1818  lUinoia,  were  admitted  to  the  tTnioD  as 
States,  each  with  its  boundaries  as  oonstitoted  at  present.  By  the  same 
act  tbe  Mississippi  Biver  was  made  the  western  boundary  of  the  Territoi? 
of  Hichjgao,  thus  making  it  include  all  tbe  balance  of  the  original  North- 
vest  Territory  after  the  formation  of  the  three  States  of  Ohio,  Indiana, 
aDdlUincua. 

Hie  aot  of  1834  added  to  Michigan  Territory  tbe  land  between  the 
Hissonri  and  White  Earth  Bivers  on  the  west  and  tbe  Mississippi  Biver 
OD  the  east. 

Wiaconsin  Territory  was  formed  in  1836  &om  the  portion  of  Michigan 
Territory  west  of  the  present  State  of  Michigan.  On  January  26, 1837, 
Hichigao  was  admitted  into  the  Union,  with  its  present  boundaries. 
In  1838  all  thatportiouof  Wisconsin  Territory  lyiugwestof  the  Hissis- 
nppi  Biver  and  a  line  drawn  due  north  firom  its  source  to  the  iutetna- 
ti<H]al  bonndary  (that  is,  all  that  part  which  was  originally  comprised 
Id  the  Louisiana  purchase)  was  made  tlie  Territory  of  Iowa,  aud  in  1848 
Wisconsin  was  admitted  as  a  State,  with  its  boundaries  aa  at  present 
eiMiBtitnted. 

This  appears  to  leave  the  area  which  is  now  the  northeastern  part  of 
Minnesota,  lying  east  of  the  Mississippi  Biver  and  a  line  drawn  due 
north  tiom  its  source,  without  any  government  nntU  the  formation  of 
Minneeota  Territory,  in  1849. 


TBBBITOBT  SOUTH   OF  IHfi  BIVBR  OHIO. 

Hie  "Territory  Sonth  of  the  Biver  Ohio"  was  bounded  on  the  north 
by  tbe  Ohio  Biver,  on  the  sooth  by  the  tbirty-flrst  parallel  of  latitnde, 
on  the  east  by  the  States  of  Virginia,  North  Carolina,  South  Carolina, 
and  Qeorgia,  and  on  the  west  by  tbe  Mississippi  Biver.  The  different 
nssioas  from  the  States  which  made  up  this  region  are  as  follows : 

1.  The  region  ceded  by  Virginia,  which  lay  between  the  Ohio  Biver  on 
tbe  North  and,  nomiuaTly,  the  parallel  of  36°  SO*  on  the  sonth,  and  be- 
tween the  Mississippi  Biver  and  her  present  wentern  boundary  on  the 
east,  being  tbe  region  which  is  now  the  State  of  Eentncky. 

2.  Tlie  area  ceded  by  North  Carolina,  which  extended  from  SQ°  StK 
north  latltade  soathward  to  35",  and  from  the  western  boundary  line  of 
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the  present  State  to  the  Miasuaippi  Biver.    This  is  now  the  Btite  of 
Teimessee. 

3.  The  area  oed«d  hj  Soath  Oarolino,  wbioh  fonned  a  narroT  bolt,  12  or 
11  miles  in  width,  lying  soath  of  tlie  thirty -fifth  parallel,  and  extending 
ftom  her  western  bonndary  to  the  Mlasiaeippi  River.  It  te  doobtAil 
whether  aoder  the  tanus  of  the  original  chartrae  South  Oarolina  poe- 
sessed  this  strip,  or  whether  it  was  not  inoloded  in  the  pouesBiau  of 
Georgia. 

4.  The  area  ceded  by  Georgia,  which  oompiised  most  of  the  regfon  of 
the  present  States  of  Alabama  and  Mississippi,  north  of  the  thirty-first 
paraUeL 

Keutaoky  was  admitted  to  the  Union  on  Jane  1, 1792 ;  Tennesiwe  in 
1796.  In  1798  Congress  organized  the  Territory  of  Hississippi,  which 
was  originally  a  small,  rectangnlar  area,  bonnded  on  the  wtot  by  the 
Mississippi  Blver,  on  the  north  by  the  pu^lel  tiirongh  the  month  of  the 
Yazoo  Biver ;  the  boundary  on  the  east  was  the  river  Chattahoochee, 
and  on  the  soath  the  tbirty-firat  parallel  of  north  latitude.  This  uea 
was  anbseqaently  enlarged  so  as  to  ioolude  the  whole  of  what  is  now 
Mississippi  and  Alabama,  with  the  exception  of  a  strip  along  the  Golf 
coast,  which  was  at  that  time  claimed  by  Spain.  In  1817  the  tenitoiy 
was  divided,  and  the  eastern  portion  was  made  Into  Alabama  Territory. 
Sabeeqnently  the  two  Ternhnries  were  admitted  as  States. 


LOUISIANA.  AND  THE   TEBBITOET  ACQHIKED   FSOH  MEXICO. 

The  Louisiana  porohase  was  effected  in  1803.  In  1801  it  was  divided 
into  two  parts,  that  portion  which  now  comprises  the  State  of  Louis- 
iana, with  the  exception  of  a  small  piece  in  the  southeastern  part,  being 
organized  as  Orleans  Territory,  white  the  balance  remained  as  the  Lou- 
isiana Territory.  The  State  of  Louisiana,  comprising  the  Territory  of 
Orleans,  waa  admitted  to  the  Union  in  1812,  and  in  the  same  year  it 
was  enlarged  by  the  addition  of  the  portion  lying  between  the  Missis- 
sippi and  Pearl  Bivers,  in  the  southeastern  part.  In  the  same  year 
the  name  of  Louisiana  Territory  was  changed  to  Missouri  Territory.  In 
1819  Arkausaw  Territory,  having  very  nearly  the  siune  limits  as  the 
present  State  of  Arkansas,  w  as  created,  and  in  1836  it  was  admitted 
as  a  State. 

In  1820  the  State  of  Missouri  was  formed  from  another  portion  of 
Missouri  Territory,  and  in  1836  the  boundaries  of  this  State  were  en- 
larged to  their  present  limits.  In  1831,  as  was  stated  above,  that  por- 
.  tion  of  this  Territory  lying  north  of  the  State  of  Missouri  and  east  of 
the  Missouri  and  White  Earth  Bivers  was  attached  to  the  Territory  of 
Michigan.  In  1836  this  portion  was  transferred  from  the  Territory  of 
Michigan  to  the  Territory  of  Wisconsin.  In  1838  it  was  transferred  to 
(186) 
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tbeTerritoiy  of  Iowa.  In  1849  the  State  of  Iowa  was  created,  wid  id 
1816  its  boandarleB  were  eDlarged.  In  1849  tlie  remainder  of  the  Ter- 
ritca7  was  traDHfeired  to  MiuneaoCa  Territory,  Hinoesota  was  ad- 
mitted 88  a  State  on  May  11, 1868,  with  its  present  bonndaries. 

Meantime  Texas  had  been  admitted  to  the  Union,  and  by  the  treaty 
of  Goadalnpe-Hidalgo  and  the  Gadsden  porohase,  we  had  acqnired  , 
fivm  Mexioo  all  the  area  west  of  the  northern  part  of  Texas  and  south 
of  the  fbrty-Heoond  pandlel.    Fnrthermore,  oar  northern  boundary  had 
been  established  on  the  forty-ninth  parallel  to  the  Pacific  Ocean. 

Out  of  this  great  western  region  were  earred  the  following  Territories : 

Oi«gon  Territory,  which  was  formed  in  1848,  and  which  extended  flrom 
the  pan^el  of  49°  north  Istitode  southward  to  latitude  12°,  and  from 
the  Pacdflc  Ocean  east  to  the  summit  of  the  Bocky  Moant^ns. 

Oalifomia,  which  was  admitted  as  a  State  in  1849,  with  the  same  lim- 
its which  it  posseases  at  present. 

Utah  Territory,  which  was  formed  in  1860,  and  which  extended  from 
the  forty-seoond  parallel  aonthward  to  the  thirty -seventh,  and  from  the 
Oalifomia  boandary  Une  eastward  to  the  Bocky  Moantains. 

Kew  Mexico,  which  comprised  all  the  country  lying  sonth  of  Ut^  to 
the  boundary  line  of  Texas  and  Mexico,  and  from  the  Oalifomia  bound- 
ary eastward  to  the  boundary  of  Texas. 

Nebniaka  Territory,  which  was  formed  from  Missouri  Territory  in 
1854.  It  comprised  the  country  from  the  forty-ninth  parallel  down  to 
the  fortietb  and  trora  the  Missouri  and  White  Earth  Bivers  weet  to  the 
snmmit  of  the  Bocky  Moantains. 

Kansas  Territory,  formed  by  the  saute  act  as  the  last,  comprised  the 
conntry  lying  west  of  Missonri  to  the  boandary  of  I^ew  Mexico  and 
Utah,  and  from  the  south  boundary  of  Nebraska  to  the  thirty-seventh 
parallel. 

Indian  Territory  then  had  its  present  limits. 

Washington  Territory  was  formed  in  1863  from  a  part  of  Oregon,  its 
watbem  bonodaiy  being  the  Columbia  Biver  and  the  parallel  of  46° 
north  latitude,  and  its  east  line  being  the  snmmit  of  the  Bocky  Moant- 
ains. 

Oregon  was  admitted  as  a  State  in  1867,  with  its  boundaries  as  at 
present  established.  The  portion  cut  off  from  Oregon  Territory  was 
placed  under  the  territorial  government  of  Washington  Territory. 

Dakota  Territory  was  formed  in  1861.  As  originally  fbrmed  it  com- 
prised all  that  region  between  its  present  eastern  and  southern  bound- 
aries, while  its  western  boundary  was  the  Bommit  of  the  Bocky  Mount- 
ains. 

The  Territory  of  B'evada  was  organized  from  the  western  portion  of 
the  Territory  of  Utah  in  1861.  As  oriinnally  constituted,  its  eastern 
Une  was  the  meridian  of  tbirty-nine  degrees  of  longitude  west  item 
Washington,  and  its  southern  boundary  was  the  parallel  of  thirty-Beven 
d^rees  of  latitude.  It  was  admitted  as  a  State  in  1864,  its  ( 
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booudary  being  made  the  thirty-eigbtli  degree  of  longitade  (approxi- 
mately the  oue  hundred  and  fifteenth  degree  west  flx>m  Greenwich}, 
while  its  soathero  boandar;  remained  the  same.  In  1866,  by  act  of 
Gongresa,  the  eastern  bonndary  was  moved  one  degree  farther  to  the 
eastward,  placing  it  npoii  the  thirty-seventh  degree  of  longitude  west 
from  Washington,  and  the  triangular  portion  contiuned  between  the 
former  soatbem  boundary,  the  boundary  of  California,  the  Colorado 
River  and  the  meridian  of  thirty-seTeu  degrees  of  longitude  was  added, 
thus  giving  the  State  its  present  area  and  limits. 

Colorado  Territory  was  formed  in  1861,  with  the  limitB  of  the  present 
State.    It  was  admitted  as  a  State  in  1876. 

The  Territory  of  Arizona  was  formed  £n>m  S'ew  Mexico  in  1863,  beiog 
that  portion  of  New  Mexico  lying  west  of  the  thirty-aeoond  mra^iait 
weet  of  Washington. 

In  the  same  year  Idaho  was  formed  from  parts  of  Dakota  and  Wash- 
ington Territories.  As  originally  constituted  it  inolnded  all  the  terri- 
tory lying  east  of  the  present  eastern  limits  of  Oregon  and  Washing- 
ton Territory  to  the  twenty-seventh  degree  of  longitude  west  of  Wash- 
ington, the  latter  meridian  being  its  eastern  boundary.  Its  soatbeni 
boundary  was  the  northern  boundary  of  Colorado  and  Utah — that  is, 
the  fortj -first  and  forty-Hecoud  parallels  of  latitude. 

Prom  this  Territory  wa^  detached,  iu  1S64,  the  Territory  of  Mouttuia,    - 
with  its  present  limits,  and  iu  1808  the  Territory  of  Wyoming,  these 
several  changes  reducing  Idaho  to  its  present  dimensions. 


OHAPTEB    III. 


The  first  charter  having  any  relation  to  the  territory  comprising  the 
present  State  of  Maine  is  that  granted  by  Henry  IV  of  France  to  Pierre 
du  Oast,  Sienr  de  Monts,  In  1 003,  known  as  the  charter  of  Acadia,  which 
embraced  the  whole  of  ^orth  America  between  the  fortieth  and  forty- 
sixtlt  degrees  of  north  latitude.  Under  this,  several  expeditions  were 
made,  and  in  1606  it  was  decided  to  make  a  permanent  settlement  at  Port 
Bojal,  now  Annapolis,  Nova  Scotia,  aud  no  further  attempts  were  made 
under  this  charter  to  plant  colonies  within  the  limits  of  the  present 
State  of  Maine.     ( Vide  Charters  and  Constitntions,  p.  771.) 

By  the  first  charter  of  Virginia  {vid«  Virginia,  p.  ),  granted  by 
James  I,  in  1606,  the  lands  along  the  coast  of  North  America  between 
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ilie  tliirty-foarth  and  for^-flfth  degrees  of  north  labtade  vere  given  to 
two  compaoies,  to  one  of  which,  the  Plymoath  Conipaii;,  was  assigned 
that  part  of  North  America  inclnding  the  coast  of  Kew  England.  The 
first  oolony.  in  Maine  was  planted  on  the  peninsala  of  Sabine,  at  the 
DMXitli  of  the  Kennebec  River,  now  Hannewell's  Point,  on  Angust  19, 
1607, 0.  S.,  by  George  Popham. 

Jamea  I  in  1620  granted  a  charterto  the  Plymonth  Company,  in  which 
nnj  be  fonnd  the  following,  viz : 

Wee,  tlwnlbie  •  •  ■  do  gruit  ordain  And  estoblUh  tb«t  lU  that  Circuit,  Conti- 
iiMrt,  FrcoiDOta  «tid  Llmltto  iu  America  \jlag  and  being  In  Bi«*dth  from  Foarty  De- 
grees of  Nortlierly  Latitude  fVom  the  Eqnnootlal  Line,  to  Fonrty  eight  DegreM  of  ths 
Hid  Nonherlf  Latitude  and  in  lengtli  b,T  all  tlie  Bnadtb  aforesaid  throagbont  the 
Kline  Land  tram  Sea  to  Sea—with  aU  the  Seas,  KItbts,  Islanda,  Creekea,  Inletta,  Porta 
lod  Havens  within  the  D^i«es,  Piednots  and  Llmltts  of  thesaid  Latitude  and  Loii- 
gttude  shall  be  theLimitta,  and  Bounds,  and  Precincts  of  thaaeoond  eoUonj — and  to 
tb«  end  that  the  said  Territoryes  may  hereafter  be  mora  particnlarly  and  oertaioly 
tamrn  and  dietingnished,  onr  Will  and  PleMore  is,  that  the  same  shall  from  hanoe- 
ftrth  bs  nominated,  termed  and  called  by  the  name  of  New  England  in  America. 

Under  this  grant,  given  in  1621,  the  Earl  of  Stirling  claimed  that  he 
wu  entitled  to  l^nd  on  the  coast  of  Maine  which  was  afterwards  granted 
to  the  Plymonth  Oompany,  and  by  direction  of  James  I  that  company 
■Mned  a  patent  to  William  Alexander,  Earl  of  Stirling, 

For  a  tract  of  the  main  land  of  New  England,  beginning  at  Saint  Croix  and  from 
Ibenoe  extending  along  the  sea-ooaat  to  Femqaid  and  the  rivei  Eennebeck.  (Ftde 
ClwIetB  and  Constitutions,  p.  774, ) 

The  heirs  of  the  Earl  of  Stirling  sold  this  tract  to  the  Duke  of  York 
in  1663.    { Tide  Zell's  EncyclopsBdia.) 

In  1622  Capt.  John  Mason  and  Sir  Ferdinando  Gorges  obtained  from 
tlw  conocil  of  Plymouth  a  grant  of  the  lands  lying  between  the  Merri- 
DOC  and  Kennebec  Bivera,  and  extending  back  to  the  river  and  lakes  of 
Canada.  This  tract  was  called  Laconia,  and  it  included  New  Hamp- 
shire and  aU  the  western  part  of  Maine.  ( Vide  Whiton's  TSew  Hamp- 
Bbire.) 

Uason  and  Grages,  in  1629,  by  mutual  consent  divided  tbdr  tenitoiy 
into  two  by  the  river  Fiscataqaa.  That  part  on  the  east  of  this  river 
*aa  lelinqnished  to  Gorges,  who  called  it  Maine.  ( Vide  Whiton's  New 
Saffipebire.) 

"nie  charter  of  the  Plymonth  Oompany  was  surrendered  to  the  King 
in  (be  year  1635.    ( Vide  Plymouth  Oolony  Laws,  p.  333  «(  supra.) 

King  Cbarlee  T,  in  the  year  1639,  gmnted  a  charter  to  Sir  Ferdioando 
Omiges,  which  virtually  oonOrmed  the  patent  given  to  him  by  the  Ply- 
mouth Oompany  iu  1622. 
The  following  extract  from  that  charter  defines  the  boundaries : 
AH  that  Parte  Porparte  aod  Poraon  of  the  Mayne  Lands  of  New  England  afbTeaairt 
ba|imiiDgatt  the  eutranoe  of  Piaoa tawny  Hoibot  and  aoe  to  posse  app  the  same  into  tbn 
BiTcr  of  Nawichewanoohe  aod  through  the  same  nato  the  farthest  heade  thereof  an<l 
frvn tbenea  North weatwards  till  one  hundred  and  tweoty  miles  bee  finished  and  fhHu 
(480) 
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Pisc»t»wAy  Btuboi  mouth  afotcwid  Northaastvarda  along  the  Sea  Cowte  to  Sagkdo- 
faook»  and  up  the  BWer  thfir«of  to  E^nybeqa;  Birsc  Rnd  through  tilie  ewue  tat»  the 
heade  tbersof  and  into  the  XAnde  Noithweatwarda  ontill  one  huodied  and  twenty 
myles  bee  ended  being  aocoinpt«d  from  the  mouth  of  Bagadahooke  and  from  Uw 
(leriod  of  one  handled  and  twenty  myles  afoiewid  to  croBae  over  Lajide  to  the  oae 
hundred  and  twenty  inylea  end  formerly  reokoBod  npp  into  the  Lande  from  Pieiwt*- 
way  Harbor  throagh  Newiohewanooke  Biver  and  also  the  Nortbe  halfe  of  the  lelet  of 
Shoalea  togeather  with  the  Isles  of  Capawook  aod  Natrtioan  neere  Cape  Cod  a*  alooe 
all  the  Islauds  and  Ilettelyeioge  within  fire  Jeagnoe  of  iheMayne  all  aloDge  theafom- 
•aide  ooaatabetneene  the  aforeaaid  Biver  of  Paaoataway  and  Bagadahocke  with  all  the 
Creeks  Havens  and  Hatbora  thereunto  belonginge  and  the  Bevercon  and  BeTemotis 
Bemaynder  and  Bemaynden  of  all  and  aingular  the  said  Landea  Blvea  and  PremiMM. 
All  whioh  eaid  Part  Purpart  or  Porcon  of  the  Uayne  Lande  and  ail  and  evetj  Ite 
PremiMee  herein  before  named  Wee  Doe  Ibr  us  oni  heliea  and  auooaMon  arsata  and 
Incorporate  Into  One  Prerinoa  or  Conntte,  and  Wee  Doe  name  ordeyne  and  appoynt 
that  the  poroon  of  the  Uayne  Lande  and  Premisea  aforaaald  ahall  forever  hetefter  hee 
called  and  named  The  Province  or  Coaatie  of  llayne. 

Id  1664  Cfa&rles  II  grsnted  to  the  Doke  of  York,  who,  the  year  before, 
bad  pnrchased  the  territory,  which  had  been  swarded  to  the  Earl  of 
Stirling  in  the  diviaioB  of  the  country  to  his  heirs,  a  portion  of  the  pres- 
ent State  of  Maine,  and  also  certain  islands  on  the  eomt-,  and  a  large 
territory  west  of  the  Connecticut  Biver.  (For  the  bonndaries  vid«  New 
York,  p.  71  et  aeq.) 

In  1674  Charles  II  made  a  new  grant  to  the  Dake  of  York,  in  sab- 
Btantially  the  same  terms  aa  that  of  1664,  inolnding  aa  before  a  portion 
of  Maine.     ( Vide  New  York,  p.  72.) 

In  the  year  1677,  Fenlinando  Gorges,  a  grandson  of  Sir  Ferdinando 
Gorges  sold  and  gave  a  deed  of  the  province  of  Maine  to  John  Ushnr,  a 
merchant,  of  Boston,  for  £1,250.  In  the  same  year,  Ushnr  gave  a  deed  of 
the  same  territory  to  the  governor  and  company  of  Massachnaetts  Bay^ 
who  hadreceived  a  grant  ftom  the  cooncU  of  Ptymooth  in  1628,  con&rraed 
by  the  King  in  1639.    ( Vide  0.  &  0.,  p.  774.) 

In  1686  Pemaqaid  and  its  dependencies,  forming  Cornwall  Coonty, 
nnder  the  juriBdiction  of  Isew  York,  were  annexed  to  the  Sew  England 
government  by  a  toyal  order,  dated  September  19, 1686.  ( Vids  Maine 
Historical  Sodety  Collection,  vol.  5.) 

The  charter  of  Massachosetts  Bay  of  1629  having  been  canceled  in 
1684,  in  1691  William  and  Mary  granted  a  new  ooe,  incorporating  the 
provinces  of  Maine  and  Aeadia,  or  JSova  Scotia,  with  the  colonies  of 
Massachusetts  Bay  and  of  Plymouth,  into  one  royal  province  by  the 
name  of  the  Royal  Province  of  Massachnsetts  Bay.    ( Ftdc  Mass.,  p.  48.) 

The  right  of  government  thna  acqaired  over  the  district  of  Maine 
was  exercised  by  Massachusetts  until  1819  when  measures  were  taken 
to  admit  Maine  as  an  independent  State. 

By  the  treaty  of  Paris  in  1763  the  King  of  France  relinqnished  all 
claim  to  that  portion  of  'Sorth  America  which  InoladeB  the  preamt 
State  of  Maine. 
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Tbe  northern  and  eastern  bbandaries  were  settled  by  the  United 
States  and  Great  Britain.    (Bee  p.  9,  et  »eq}. 

31ie  weatem' boundary  was  far  a  long  time  a  sooroe  of  oontentioo  "be- 
tween Uaine  and  New  Hampshire. 

Xew  Hampshire  baviiig  been  made  a  province  in  1679,  controTersies 
arose  ooQceming  the  divisional  line. 

In  1731  commissioDers  trom  New  Hampshire  and  troia  Maasaohoaetta 
having  been  appointed,  met,  bat  were  enable  to  agree.  New  Hampshire 
appealed  to  the  King,  and  the  King  ordered  that  a  settlement  should  be 
made  by  commissioDera  from  the  neighboring  provinces.  The  board  met 
at  Hampton  in  1737.  The  commissiOQers  fixed  on — substantially — the 
present  boondary,  wording  their  report  as  follows: 

Beguiling;  »t  tbe  eiiti>iic«of  Pasca-taqiia  Hftrbor,  uid  so  to  paw  up  the  auiM  loUw 
Blver  Kevhtchavock,  and  thnr"  th«  i»iDe  into  the  fBrtbeat  head  thereof,  and  thenea 
mn  north  2  degrees  ireet  till  120  mtles  were  Sniahed,  fWim  the  mouth  of  Paaeataqn* 
Harbor,  or  nntil  it  meet  with  Hia  H^eety'B  other  Goremmenta.  (See  K.  H.  Hia- 
loricalCoU.,  Vol.  II.) 

This  was  confirmed  by  the  Sing,  August  5, 1740, 

Id  1820  Maine  was  admitted,  as  ^n  independent  State. 

Difficalties  having  arisen  about  the  bonndary  between  Maine  and 
New  Hampshire,  commissionera  were  appointed  in  1827  from  each  State 
to  determine  the  same. 

In  1829  the  commissioners'  report  was  adopted  by  each  State,  and 
the  line  then  settled  apou  la  as  follows,  using  the  language  of  the  oom- 
roisaoners'  report,  viz : 

The  report  of  the  oommlBBionere  appointed  by  Hia  U^Jeaty's  order  in  Oonnoll  of 
Febroary  SSnd,  1735,  and  confirmed  by  bis  order  ef  the  lith  of  Angnst,  1740,  hftving 
establiehed — 

'"tliatthe  dividing  line  aball  pass  np  throngh  the  month  of  Flaofttaqna  Harbtn, 
and  up  the  middle  of  the  river  of  Nenlohwannock,  part  of  which  is  now  called  the 
Salmons  Falls,  and  thiongb  the  middle  of  the  same  to  the  fartheet  head  thereof,  Ao.," 
and  "  tlwt  tbe  dividing  line  shall  part  the  Isle  of  Skoltt,  and  ron  throngh  the  middle 
of  the  hfkrbor,  between  tbe  islanda  to  the  aea  on  tbe  soatheily  side,  Ao."  We  have 
not  deemed  It  neceasary  to  commence  onr  survey  nntil  we  arrived  north,  at  the  bead 
of  Salmon  Falls  Biver,  which  was  detennined  by  Bryant,  at  bis  enrvey  in  1740,  to  be 
attbeontletof  East  pond,  between  the  t«WDa  of  Wakefifild  and  Shaplelgb.  From  that 
point  we  have  enrveyed  and  marked  the  line  aalbliowe,  vIe: 

We  commenced  at  tbe  Bryant  Bock,  known  as  sneh  by  tradition,  whleh  la  a  rook 
in  the  middle  of  Salmon  Falls  River,  at  the  outlet  of  East  pond,  abont  eix  feet  in  length, 
three 'feet  in  breadth,  three  feet  in  depth,  and  two/eetundertheaarface  of  the  water, 
as  tbe  dam  was  at  tbe  time  of  the  anrvey,  to  wit,  October  1,  1927 ;  said  atone  bean 
noUt,  aeventy-one  degrees  west,  three  lods  and  eight  links  ftom  a  large  rook  on  tbe 
eastern  bank,  marked  "  1827,"  and  beara  also  from  a  tock  near  the  mllMam  (marked 
"  H  ")  north,  nineteen  degrees  and  thirty  minntes  west,  and  distant  twelve  rods  and 
twenty-one  links.  At  this  point  the  variation  of  the  needle  was  ascertained  to  be 
■laa  A^prwa  west. 

Vtau  tbe  above  stone  tbe  line  ia  north  seven  degrees  and  fbrty-one  m*intee  east, 

eae  hnndied  and  seventy-eight  rode  to  Eaat  pond,  and  crotaing  the  pond  three  hna- 

died  and  eleven  rode  in  width  to  a  stone  monnment  which  we  erected  np  on  the  bank, 

aboal  thm  and  an  half  &et  high  above  the  sorface  of  the  gronnd,  marked  N  oa  the 
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lr«flt  side  and  H  on  the  eait  side,  vhicli  deiKriptioa  mpplfes  to  >II  the  ctone  mona- 
mentshereiiiAftermeiilioDedualeasthey  are  otherwise  putionlarlrdsMrUted;  theflee 
the  Mune  conne,  tito  hundred  Bud  twenty-fiTe  roda,  to  Fox  Bidg«,  Mid  to  ft  atotie 
monnment  which  IspUoed  opon  the  north  sideof  tlie  road  that  leads  AmaWftkefidd 
W  Bhftpleigb ;  thence  two  bnndted  rods  to  Balch's  pood ;  scnws  the  pood,  one  han- 
dled sad  three  and  half  rods;  acroos  a  peninsala,  thirty'slz  rods;  aorasa  a  dots, 
flftf-one  rod«and  Hevenleen  links;  across  a  second  peninsula,  forty-eight  roda;  sonMs 
a  MNsond  cove,  twenty-seven  rods,  ten  links. 

Thwioo  tiireehundredand  seventy  rods,  to  the  road  leading  JVoniKewfldd  to  Wake- 
field and  a  atone  monninent,  erected  on  the  north  aide  of  the  same,  near  Camper- 
nell's  honae ;  thence  north  six  degrees  and  ten  minntee  east,  five  hnndrvd  and  ninety 
rods,  to  the  line  of  Paraonfleld,  to  a  stone  monunent  with  additional  mark  "  IBK." 

At  this  point  the  variation  of  the  needle  was  fonnd  to  be  nine  degrees  fifteen  nin- 
atea  west.  Thence  same  conrse  five  bondred  and  eleven  rods,  erosMOg  the  end  of 
ProTlnoe  pond  to  a  stone  monnnieat  on  the  Paraonfleld  road,  near  the  honae  of  Jamaa 
Andrews,  also  with  additional  mark  "1838";  thence  north  eight  degrees  and  thirty- 
eight  minntes  east,  two  hundred  and  eight  rods,  to  the  old  comer-stone  of  Efflngfaain, 
aboattwo  feet  above  the  ground,  and  not  marked;  thence  north  eight  degrees  fifty- 
five  Tninnt«8  east,  two  hundred  and  aeventy-seven  rods,  to  a  large  round  stone  abont 
three  feet  diameter  and  two  feet  high,  marked  Nand  H,  by  the  road  uponTowleafaill; 
tbenoe  north  seven  degrees  flfty-flve  minntes  eaat,  aix  hundred  and  thirty-one  roda  to 
astooemonument,  on  the  load  leading  ftt^  Parsonfteld  to  Effingham.  At  this  point 
the  variation  of  the  needle  waa  found  to  be  9  degrees  thirty  minntes  west.  Tbftnoe 
north  five  degreea  two  miontea  east,  seven  hundred  thirty-four  to  a  pine  atnmp, 
upon  a  small  island  in  Oseipee  Biver  at  the  foot  of  the  fails ;  thence  north  ten  do- 
gieea  eaat,  thirty  rods,  to  a  stone  monument,  on  the  north  side  of  the  new  road  trtnn 
Porter  to  Effingham;  tbenoe  the  same  conrse,  five  baodred  Gftyeight  rods,  to  the  top 
of  Bald  Uountain;  thence  same  eonrte,  three  hundred  aizteen  rods,  lo  the  top  of 
BicUucd  Mountain ;  thence  same  course  one  hundred  and  ninety-lhree  rods,  toaatoDe 
monument,  on  the  north  side  of  the  road,  litading  from  Porter  to  Eaton. 

At  thia  point  the  vaiistion  of  the  needle  waa  fonnd  to  be  nine  degrees  forty-fivr> 
minnteawest ;  thnuee north  eight  degrees  fiveminataseast,  seven  hundred  and  forty- 
foni  roda,  to  Cragged  Mountain ;  thenoe  same  ooarse,  sixty-seven  rods,  to  the  oomer 
of  Eaton ;  thence  aaine  conne,  eeven  hundred  eighty-seven  and  an  half  rods,  to  the 
oomer  of  Conway ;  thence  same  conrse,  six  hundred  ten  and  an  half  rods,  to  a  atone 
monument,  on  the  south  sideof  the  road,  leading  from  Brownfield  to  Conway  Center; 
thenoe  north  eiglitdegreeseasi,  eight  hnudredseveaty-oncTods,  to  a  atone  monument 
on  the  south  side  of  the  road  leading  from  Fryebarg  Tillage  to  Conway.  At  thia 
point  the  variatioD  of  the  needle  was  fonnd  to  be  ten  degrees  west ;  thenoe  aame 
eoarae,  fburrode,  to  a  stone  monnment  on  the  north  side  of  the  same  road;  tbenoe  north 
^ght  degrees  fifteen  minntes  east,  one  hnudred  two  roda,  to  Saoo  River ;  thence  aaiue 
ooutse,  eighteen  roda,  acroas  aaid  river;  theucu  same  course,  aix  hundred  forty-foiir 
rodS)  to  a  stone  monnment  on  the  road  leading  to  Fryebnrg  Tillage^  on  the  north  aide 
of  the  river. 

Thia  monnment  Is  marked  aa  before  described,  and  is  about  eight  feet  high  above 
the  gronnd ;  tbenoe  same  course,  one  hundred  forty-two  rods,  to  Ballard's  Hill  Pond ; 
thenoe  same  course,  aixty-one  rods,  six  links,  across  aaid  pond;  tbeace  same  ooaroe, 
three  hnudred  forty- four  rods,  toa  atone  monnment  on  thetaatside  of  Chatham  road; 
thenoe  same  coarse,  six  handrcd  ninety  rods,  to  Kimball's  Pond ;  thenoe  same  oonnie, 
one  handled  sixty-Blxrods,aoross  said  pond;  thenoe  same  oonrae,  sixty  roda,  to  a  stone 
mocnine^  (m  tbe  meadow.'  Tbenoe  aame  conrse,  nine  hundred  forty  rods,  to  the  oor- 
nerof  Bradley  and  Eastman's  grant ;  thenoe  sameconrse,  aix  hundred  and  ninety  vodo, 
to  astone  monnment  on  theeast  side  of  tbeCold  River  road.    Thia  stone  ia  marked  aa 


■  From  this  point  the  line  was  resurveyed  in  1868,  Hds  p.  38. 
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before  dceoribed,  but  U  DOt  moM  thftn  two  Ceet  >bore  tbe  groand.  TheoM  ftame  oonne, 
one  tbotumrndflTtthniidrAdfonyrodB,  to  the  ooidbt  of  Warner  and  GUiiuui'bIooaUoo,* 
pUeof  (toDM.  At  thla  point  tbe  Tariationof  tbe  needle  wm  found  to  be  ten  degrees 
twentj-tbiee  minntea  west ;  tbenoe  eame  conne,  four  himdred  and  fifty  rcid^  b>  t(^ 
of HoQDt  Boyee ;  thBneeBameeoiiiiw,eigbtliimdTednuiet7-«ightroda,  to  WUdBireri 
Ibcnce  game  ooam,  eight  rods,  aorou  aald  tItot  ;  thence  ume  oonise,  aeveu  hundred 
siitj-flTB  rode,  to  a  atone  moniinieiit  on  the  north  side  of  the  road  leading  from  Lan- 
uaC«r  to  Bethel ;  thence  aaine  oodtsA,  one  hundred  roda,  to  Androsooggin  BiTsr) 
Ibenoe  game  conise,  eighteen  rods,  aoroeB  aaid  river ;  thenoe  north  eight  degieea  ten 
minntm eaat,  four  thonsand  one  hnndredBixty-twoTod8,aoToes  ten  Htreaas,  to Chiok- 
siloepg  Hiver;  thence  iame  cooige,  two  (hoasand  five  bnndred  rods,  to  a  stone 
moDQiDent  on  the  north  aide  of  tbe  road  leodinx  from  Errol  to  Andover.  This  atone 
ii  marked  "N.  H."  and  "M.,"  tbenoe  eame  coarse  two  bandied  ten  rods  to  Cambridge 
River,  thenoe  aame  ooorae  eight  rode  acroaa  said  rivet,  thence  same  conrse  fire  bnn- 
dred  ^ty-seven  rods  to  Umbagog  Lake,  tbenoe  aame  coniae  thirty-foar  rods  across  a 
mve  of  tbe  same,  thence  same  coarse  ten  roda  across  a  peoinsnla  of  tbe  same,  tbenoe 
Mme  conise  two  bnndred  twenty-five  rods  across  a  bay  of  aaid  lalie,  thence  same 
conrge  two  hundred  six  rods  aeioss  a  peninsula  of  the  same,  thence  aame  conne  one 
tbaiauid  one  bnndred  sixty- five  rods  aoross  tbe  north  bay  of  said  lake  to  a  oedar  poet 
narked  "N.""U.,"theacenortheiKhtdegreeB  east  seven  bandied  fourteen  roda  to  Pond 
brook;  thence  eame  course  twohnudrcd  twenty -five  rods  to  a  stone  monament  on  the 
NDth  side  of  the  Ha^allaway  Biver,  thence  same  oonise  ten  rods  acioas  said  river, 
tbenoe  aame  course  one  handred  sixty-two  rods  to  a  spruce,  corner  o^  tbe  college 
glut,  thence  aame  oourae  two  haadied  ^xty-four  roda  to  HargalhTway  Biver  a  second 
time.  At  this  point  tbe  variation  of  the  needle  waa  found  to  be  eleven  degrees  forty* 
fire  minatea  west ;  tbence  stflne  oonrse  ten  rods  aoioss  said  river,  thence  aame  conise 
tiTO  hundred  and  ninety  rods  to  same  river  a  third  time,  tbenoe  same  course  ten  roda 
■craM  said  river  to  a  montunent  made  with  three  stones  on  tbe  north  side  of  said 
rinr,  about  two  feet  bigb  and  not  marked,  tbenoe  sante  oonrse  four  bnndied  forty* 
Gmr  nda  to  comer  of  township  nombec  five,  in  second  range,  In  Ualno,  tbenoe  same 
Maneone  tbonaand  eight  hundred  six  lodato  tbe  north' oomeiof  Qte  same  townabip, 
dKDee  same  oonrse  four  hundred  and  aixty  rods  to  a  branch  of  Little  Diamond  Biver, 
tlKAoe  Bame  ooorse  three  handred  fifty  tods  to  anotKer  branoh  of  the  same,  thenoe 
Hme  ooone  two  tbonaand  one  hnndred  twenty  roda  to  a  branoh  of  the  UaT|;allawaj 
Rivo',  tbence  same  eonrte  three  handled  thirty-two  rods  to  another  branoh  of  the 
suae,  thenoe  aame  oonne  four  handred  rods  to  •  steep  mountain  called  Prospect 
Hill,  t&enoe  same  coarse  nine  hundred  and  twenty  rods  to  Mount  Carmel,  aomettmea 
csllsd  Sunday  Uonntain,  thenoe  same  coarse  four  haadred  rods  to  a  perpendionlat 
pieclplea,  tbeaoe  same  coarse  five  handred  and  forty  rods  to  a  branch  of  Margalloway 
Sver,  thmoeaame  oouise  twohnndredandeixty  rods  toa  branch  of  thesame,  thenoe 
niBs  eeotae  three  hundred  fbrty-slx  rods  to  a  second  steep  precipice,  thenoe  same 
coarse  one  bnndred  eighty-six  rods  to  a  branch  of  Uargallaway  Biver,  thenoe  same 
eonrsetwo  hundred  forty-two  rods  to  another  branch  of  same  river,  thence  same  ooune 
■eTeotj-eight  loda  to  a  beaver  pond,  thence  same  oonrse  one  hnndred  twenty-oiz  lodi 
to  a  ydlow  birch  tree  on  the,Ughlands  which  divide  the  waters  that  mn  aonth  bmn 
thoas  ttat  nn  into  the  St.  Lawrence,  being  the  northern  extremity  of  the  line  and 
•ne  hnndred  and  twelve  miles  two  handred  and  tbitty-ihree  rods  from  the  head  of 
SsfanOB  Fttlla  River. 

FooBd  said  taee  marked  on  tbe  east  side  "M.  E,  1789,"  and  on  the  west  "N.  H.  N. 
£;■  also  "K.  64."  To  these  marka  we  added  "  S.  H.,"  "N.  E.,"  and  "M.  E.," 
"I8^""E.  H.,"  "A.  H.  H.,"  "1828,"  and  stones  were  piled  rotmd  the  jame  and 
marked. 

Tbe  whole  eonise  of  the  line  &om  the  Androsooggin  Biver  waa  re-marked  by  spot- 
tmg  the  old  marked  trsea  and  crossing  the  spots  and  marking  others  In  the  ooune. 
lad  tlw  line  as  above  survey  and  described  we  agtes  to  b«  tbe  true  bonndaiT'  line  c4 
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laid  fitfttes.  And  the  Kbove-detcnbed  niBTkB  uid  montunenU  we  catobllBh  to  dealg- 
imt«  the  aa>me,  and  that  the  Aoid  line  hereiAer  remain  the  boondMy  line  liat w een  the 
States,  nnlesa  the  legialatnTe  of  either  State  shall,  at  the  flnt  aeniou  after  the  execn- 
tlon  of  thin  agieement,  disapptove  of  the  Hame. 

WILLIAM  KINQ, 
HTirUS  McINTIBE, 

Commi»iiaMr$  (tf  Matut. 
ICHABOD  BARTLETT, 
JOHN  W.  WEEKS, 
Cottmiuiontn  of  -Vno  HamftUrt. 
KOTKHBKR 13,  1828. 

The  legislature  of  Maine  approved  of  the  comicisBioners'  report  Feb- 
ruary 28, 1829,  aad  reqneeted  the  goveroor  to  issne  his  proclamation 
accordioglf. 

The  same  action  was  taken  by  the  legislatore  of  Kew  Hampshire,  J  uly 
1, 1829. 

(For  Report  of  GommissionerB,  see  Laws  of  Maine,  1828-^,  nnder 
head  of  Resolves  of  t]ie  Xinth  Legislature  of  the  State  of  Maine,  pages 
39-43.) 

Between  1828  and  1858,  considerable  portions  of  the  amost  unbroken 
forests  throQgh  which  the  line  of  18a7-'28  was  marked  were  cleared. 
Extensive  forest  Area  often  swept  large  tracts  of  this  territory,  and,  as 
a  conseqnence,  the  mtu'ks  of  the  1827-'28  snrvey'for  a  distance  of  nearly 
eighty  miles — which  by  that  survey  was  mainly  fixed  by  blazed  trees, 
—only  teven  Btone  posts  having  been  set  in  this  distance — were  obliter- 
ated, so  that  there  remained  scarcely  a  vestige  of  the  original  line.  The 
lands  having  become  valuable,  and  litigation  in  many  cases  being  immi- 
nent, the  legislatures  of  tie  two  States  in  1858  provided  by  enactment 
for  another  survey  from  Fryeburg  to  the  Canada  line — which  wffl  made 
the  same  year.    The  line  as  then  surveyed  is  aa  follows,  viz : 

ConimeiiciDg  at  an  iron  post*  eltnat«d  on  the  line  run  in  accordanee  wltit  tbu 
"Treaty  of  Wanhiiigtoti,  of  Angnst  9,  1843,"  as  the  bonndary  between  the  Uniteil 
States  and  the  proTinoe  of  Canada,  at  the  oomen  of  the  Stttee  of  Maine  and  Neiv 
Hampshlie.  On  the  aonth  face  of  said  post  are  the  words  "Albert  Sntth,  U.  G. 
Comssr.";  on  the  north  &c«,  "Lt.  GoLI.  B.  B.  Eastcoart,  H.  B.  H.  ComMT." ;  on  the 
west  face,  "  Boundary,  Aog.  9, 1643  " ;  on  the  east  faoe,  "  Treaty  of  Waahiagton."  To 
the  maika  are  added  on  the  sonthem  half  of  the  west  face,  "H.  O.Eent."  AUrgAflnt 
atone  was  placed  on  the  southern  face  of  the  monnmenl  and  marked  "ISEt^H.H., 
Me.,"  on  either  aide  of  a  line  cut  in  said  stone  hearing  the  dlMetlon  of  the  Stato'a 
line,  via,  Boath,  8  degrees  west. 

From  this  point  the  line  is  sonth  6  degrees  west,  17  rods,  T  links  to  a  large  ydlow 
birch  stnb,  the  northern  terminna  of  the  former  sarrey ;  thenoe  136  roda  to  a  bearer 
pond ;  thenoe  73  rods  to  the  northweeterly  branch  of  the  Maigallaway,  known  as  Kent 
River ;  thenoe  343  tods  to  another  branoL  of  the  Hargallaway ;  thence  19B  mda  to  ii 
certain  steep  preoiploeperpendioular  on  its  southern  faoe;  thence346rodatoabrauch 
of  the  Uargallaway  River ;  thence  iiCO  rods  to  another  bianoh  of  the  same ;  thenoe  540 
roda  to  a  pr«oipioe,  the  southern  side  of  Uoant  Abbott;  thenoe  400n>ds  to  the  summit 


*Tbe  itoeitton  of  this  poet  ia  given  In  Hitchcock's  Qeologioal  Survey  of  New  Hanp- 
ihire,  aa  fbUows,  viz,  laUtnde,  45°  18-  23".33 ;  longitude,  71°  5'  40".S. 
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of  Ifoout  Carmel ;  '.beiie«  990  rods,  vtA  ocrow  four  sttewns,  ta  the  ■ummit  of  Ftwpwl' 
OIL 

On  (liie  diatmuce  wo  muked  m  yellow  blrcti  tree  "  H.  O.  Kent,  September  90, 18G8," 
«ih1  the  names  of  the  nmainder  of  the  party ;  tbence  400  rods  to  another  branch  of 
Umi  UarxoUaway ;  thence  333  roda  to  the  Little  Margallaway  Biver;  thence  8,  ISO  rods 
acroM  Bo«ebnck  Honotain  to  a  braDoh  of  i»id  riTei.  On  this  distance  at  the  north- 
««tt  oomer  of  tovnabip  No.  5,  ruige  3,  in  Maine,  we  marked  a  white  birch  tree,  "N. 
B.H.,"  and  on  its  north  and  aonthiidea,  "IT, III."  Tbiity  rods  from  the  sammit  of 
Bowback  Uonntain,  and  on  its  northern  slope,  we  erected  a  stone  monnment  marked 
■N-M.";  thence'  330  rods  to  the  Little  Diamond  Eiver  or  Abbott  Brook;  tbence  460 
roda  to  the  northwest  comer  of  township  Ho.  5,  range  2,  in  Uaine.  Ou  this  distance 
ire  ftnnd  an  ancient  yellow  biich  tree  marked  "  17^-35,  H."  To  these  marks  we 
added  "  1856 " ;  thence  1,906  rods  to  the  aouthwestcomer  of  the  same  township.  On 
this diotanee,  at  the  noitheaat  corner  of  Dartmonth  College,  second  grant  in  N.  H., 
T6  marked  a  large  yellowbiroh  tree  "Me.,  J.  M.W.,  1858;  N.  H.,H.  O.K.";  thence, 
nod  acroaa  an  open  bog,  444  rods  to  the  north  bank  of  the  Marg^Uaway  River,  to  a 
white  m^le  tree  marked  "N.H.H.";  thence  10  rods  across  said  river  toa  largn 
pine  tree  marked  "U."  "N.H.";  thence  and  across  a  second  open  bog  290  rods  to  tbe 
aame  river  and  to  a  large  elm  stub;  thence  10  rods  across  said  river;  thence  S64  nxliito 
aspmce  post  marked  "M."  "N.H,",  "W.li.",  "D.C.",  being  the  southeast  comer  of 
UortmiHith  College,BecDnd  grant;  thence  162  rods  to  tbe  MargaltawayBiver;  thence 

10  rods  aoroaa  said  river  to  a  stone  monument  on  ite  soathetly  side,  standing  about  3 
ftetaboTo  the  ground  and  marked  "M."  "N.H.";  tuence  to  the  original  line  tree 
neareat  to  the  clearing  of  the  home  farm  of  Z.  F.  Dnrkee,  esq.  The  coaru  of  Uie  line 
Ou  ntirv  daUtuca  from  the  iron  pott  at  the  natiomal  bcwulary  to  tkli  point  btar*  loutk 
ngtl  itgrtei  tettt ;  thence  acrosa  aaid  clearing,  the  old  line  marks  being  gone,  sonth 

11  degrees  and  30  minutes  west,  16B  rods,  to  tbe  old  crossed  trees  In  the  woods  sonth 
of  Pood  Brook  ;  thence  ftom  Pood  Brook  sonth  eight  degrees  west,  714  zeds  to  tb» 
MTtk  bog  of  Umbagog  Lake  and  to  a  cedar  tree  marked  "  H."  "  V."  To  this  we 
tddsd'-ieEJe." 

On  this  distance  near  the  oomer  of  Errol  and  Wentworth's  location,  which  is  a  oe~ 
darpoat  in  a  pile  of  stones,  we  marked  a  maple  tree  "M.  1868,"  "  N.  H.  1866"; 
thaioe  sonth  ten  degrees  and  thirty  minntee  west  1,16S  rods,  acroM  the  north  bay  ef 
md  lakb  to  the  old  marked  traaa  on  tbe  southern  shore ;  thence  sontb  eight  degrees 
west  306  rods  across  the  penlnsnla  to  a  cedar  tree  marked  ''  M."  "N.  H."  A  large 
■tone,  alao,  ou  the  lake  shore  was  marked  V'^"  "^-  H-";  thence  same  oourae  ^S 
rods,  acroBi  a  bay  of  said  lake ;  thence  same  coarse  10  rods,  across  a  peninsnia ;  thence 
mme  oonrae  34  Tods  across  a  cove ;  thence  same  course  567  rods  to  Cambridge  Blver; 
Ibeoeesame  conrse  8  rods,  across  said  river  to  a  white  maple  stub;  tbence  same  conrso 
Wt  reds  to  a  stone  monnmcDt  on  the  north  aide  of  the  load  leading  fhmt  Andovet. 
Ks.,  to  Calebrook,  N,  H.;  tbence  same  oonne  to  tbe  north  edge  of  the  bnnrt  land 
in  Qrafton  and  Success;  thence  sonth  11  degrees  west  across  ten  streams  and  the 
Chickwalmpy  Biver,  or  Silver  Stream,  to  the  old  line  trees  bearing  the  erossea, 
■asterly  «f  the  aonth  end  of  Snoeeas  Food ;  tbence  ou  the  same  oonrae  south  10 
degriaa  west  following  tho  old  mark  to  an  ash  tree  bearing  the  original  cress, 
rianding  a  few  roda  north  of  the  bonse  of  the  late  Daniel  Ingalls,  in  Sbelbnme; 
tbence  aoath  II  degrees  west  to  a  stone  monnment,  by  tbe  road  on  the  north  siilo 
«r  the  AndnMsoggln  River,  and  to  the  north  bank  of  said  river,  tbe  whole  distance 
ft«m  the  atone  monnment  near  Umbagog  Lake  to  tbe  north  bank  of  tbe  Andro- 
■ooggin  Biver,  being  6,662  roda;  thence  aonth  11  degrees  west  18  rods  aeroBS  aaid 
river ;  thence  same  conrse  100  rods,  crossing  the  track  of  tbe  Grand  Trunk  Railway 
to  a  stone  monnment  on  the  north  side  of  tlie  road  leading  from  Lancaster,  N.  II.,  to 
Bethel,  Me. ;  thenee  same  conne,  766  rods  to  a  hemlock  tree  on  tbe  south  bank  of  Wild 
Blver ;  ibenee  south  66  degrees  30  minutes  west  34  rods  on  an  ofbet  of  the  old  snr>  ' 
nj  along  s«id  aonth  bank  to  tbe  old  line  trees ;  thence  following  the  old  line  tree» 
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•onth  11  degtoM  west,  puiing  the  soatheost  doner  of  Shelborae,  B98  rods  to  tbe  top 
of  Mount  Royoe,  the  whole distiuice  being  l,B81n>ds.  OoemlleDortli  of  theannunit 
of  MoaDt  BoToe  ne  iDBtked  B  beech  tree  "N.  H."  "H,,"  1858;  tbence  to  » large  atone 
marked '*N.  H."  "He.";  tbence  eonth  10  ilogreee  IS  mlnatee  west  to  a  Btooemonu- 
nient  on  the  east  side  of  tbe  Cold  Biver  road.  On  thiadistanoeat  thefootof  tbefint 
precipice  OD  tbe  northern  face  of  MoantRoyoea  wliite-blrcb  tree  was  marked  "1858." 
Farther  on  and  eaet  of  a  bare  ledge  n  wblte-birch  tree  was  marked  "  1658,"  and  near 
it,  on  the  line,  a  pile  of  stoo^  was  erected.  At  the  first  cleariog,  near  the  north  end 
of  a  atone  fence,  a  large  stone  was  marked  "  M."  "  N.  H." ;  thenoe  along  a  atone  fenoe 
and  acxosa  b  roail  throngh  n  piece  of  nen  growth  and  again  nroming  tbe  road ;  then 
tbllowlng  another  stone  fence  on  the  east  side  of  the  road,  passing  through  a  Aeld  and 
b;  tbe  end  of  another  stone  fence;  then  crossing  a  road  nearthowest  end  of  abridge 
over  Cold  Elver;  then  following  the  vnlley  of  that  stream  and  crossing  It  six  times; 
then  cioBsIng  another  road,  where  wo  placed  a  stone  monnment ;  then  throngh  a  field, 
striking  an  old  stump  and  pile  of  stones,  shown  as  the  old  line  and  passing  between 
a  honse  and  barn,  and  tbrougb  the  noatem  edge  of  a  grove  of  tr«es  to  the  stone  mon- 
uiiient  near  the  house  of  Mr.  Eastman,  the  whole  distance  being  1,11KI  rods;  tbence 
I.<>!0  rods  to  a  stone  monument  standing  in  tbe  meadow  GO  rods  north  of  the  nmth 
shore  of  Kimball's  pond,  in  Fryehnrg.' 

But  as  tbe  tonnsof  Fryebnrgand  Stowe  have  erected  no  darable  monument  on  th« 
Slate's  line  at  their  respective  cornets,  redeemed  it  advisable,  nnderonrinstmction^ 
tu  prooeed  so  far  south  ss  at  least  to  pass  tbe  said  comer  and  to  complete  the  woric  at 
mnio  welt-defined  monnment  of  the  old  survey. 

This  course  bore  from  the  monument  to  and  across  an  open  buy  south  13  degreea 
west;  thenoe  ou  the  old  trees  south  0  degrees  west  tOOrods;  thence  on  the  old  line 
aolith  lOd^traes  30  minutes  west  to  a  stone  monument  erected  by  ns  near  the  house  of 
Jonnel  Clay,  in  Chatham,  and  on  the  north  side  of  tbe  road  leading  from  Stowe  to 
Chatham  Comers;  said  monnment  is  marked  "M."  "H.  H,"  1858;  tbence  on  the  old 
line  south  11  degrees  weet  to  the  road  leading  bom  North  Fryehnrg  to  Chatham,  at 
^hioh  point  we  placed  a  atone  monument ;  thence  south  11  degrees  west  to  the  nortlk- 
west  corner  of  Fryehnrg,  being  a  stake  in  a  pile  of  stones  in  a  piece  of  low  gtoimd, 
southerly  of  tbe  house  of  Cnptain  Bryant,  and  to  the  old  monnment,  60  rodanocth  of 
Kimball's  pond.  On  the  bank  north  of  said  corner,  on  the  south  side  of  the  toad,  ftnd 
neat  Captain  Bryant's  honse,  we   placed  a  stone  monnment  marked  "M."  *'N.  B. 

The  diQierent  conrses  laid  dowii  in  the  foregoing  report  are  the  bear- 
ings of  the  compass  in  1858  when  placed  on  the  line  establiahed  in  1828. 
(See  Legislative  Journal  of  New  Hampshire,  1859,  pages  704-767.) 

In -1871  the  line  between  Maine  and  "Sew  Hampshire  was  resarveyed 
and  marked.  ( Vide  Hitcheook'H  Geology  of  New  Hampshire,  Vol.  I,  p. 
173.) 


NEW  BAHPSHIBE. 

x  Tbe  first  obarter  of  Virginia,  granted  in  1606,  indaded  the  tcrntoiy  (^ 
the  present  State  of  New  Hampshire  [vide  p.  32),  as  did  the  cbuter  of 
New  England,  granted  in  1620  (vide  p.  33),  and  the  grant  to  Oapt  John 
Mason  and  Sir  Ferdinando  Gorges  of  1622  {vide  p.  33). 

The  president  and  coanoil  of  New  England  made  a  grant  to  Oapt. 
Jubn  Mason  in  1629  an  follows,  Tiz: 
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AIJ  tbat  pftrt  of  the  maiu  Und  Id  N«w  Gnglfttid  Ifiog  npOD  the  kb  ooaat,  begitiDliig 
from  the  middle  part  of  Merrimack  Bivei,  and  trotn  thencs  to  proceed  oorthwarda 
nloDg  tbesea-oosst  to  PUestaqnaBlver,  and  bo  (brwarda  np  within  the  «ald  rim  and 
to  the  farthest  head  thereof,  and  ftotn  thence  northwMtwanls  nntil  thne  score  mllaa 
be  finiabed  from  the  firat  entrance  of  Piaoataqna  River  and  also  from  Herrimaok 
ttuoughttieeaid  river  and  to  the  fnrtheat  head  thereof,  andaoforward  np  iiit«  the  landa 
>tatwud  nntil  three  score  mites  be  fiai8bed,aDdfh>m  thence  to  croK  overlaad  to  the 
thne  »eore  milea,  and  aecompted  to  Fiaoataqna  BiTcr,  together  with  all  Ulauda  and 
i-tlet*  within  5  leagues  distance  of  the  premises  and  abnttiog  apot)  the  same,  or  any 
put  or  p3it:el  thereof,  Ac,  •  •  •  which  said  portionsof  lands  ■  •  •  thesafd 
Cipt  JobD  Mason,  with  the  uouieiit  of  the  president  and  couneil,  intends  to  name 
.Vdt  Hamptkire.     •     •     * 

In  1635  tbe  graot  of  1629  was  continued  by  a  sapplementary  graut, 
ofwhii!li  the  following  is  an  extract,  viz: 

All  that  part  of  the  Uayu  Land  of  New  England  aforesaid,  beginning  ftom  the 
middle  part  of  Nantohecfc  BiTor,  and  ftom  thence  to  piDceed  eastwards  along  the  Sea 
Coast  to  (Jape  Anne,  and  ronnd  aboat  the  same  to  Fisohalaway  Harbour,  and  soefor- 
vnrds  ap  within  the  river  Newgetranacke,  and  to  the  furthest  bead  of  the  said  Kiver  end 
from  thence  northweitwards  till  sixty  miles  bee  Snisbed,  from  the  first  entrance  of 
Pischataway  Harbor,  and  alsoe  from  Naumkecke  tbrongh  the  River  thereof  up  into 
tbe  land  west  sixty  miles,  from  which  period  to  cross  over  land  to  the  sixty  miles  end, 
iicompted  from  Pischataway,  through  Newgewanacke  River  to  the  land  northwest 
■lurasald ;  and  atsoe  at)  that  the  South  Halfe  of  the  Ytlen  of  Sholes,  all  which  lands, 
ni'lEi  the  Consent  of  the  Conniell,  shall  from  beooeforth  b-)  called  New-hampehyre. 
Andalioeten  thousand  aores  more  of  land  on  tbesontheast  partof  Sagadihooat  the 
muiitti  or  entrance  thereof — from  henceforth  to  bee  called  by  the  name  of  Massonia, 

After  the  death  of  Capt.  John  Mason  (in  December,  1636),  the  affaiiB 
of  the  colony  comiug  into  bad  condition,  tbey  Bonght  the  protection  itf 
ilassachusetts  in  1641  and  enjoyed  it  till  1675,  when  Bobert  Uaeon,  a 
graiulaon  of  John  Mason,  obtained  a  royal  decree,  under  which,  in  1680, 
a  colonial  govemtnent  was  established.  But  no  charter  was  given  to 
tbe  colony,  and  its  government  was  only  continued  daring  the  pleaeure 
of  the  King.  The  following  is  mi  extract  from  the  commission,  or  de- 
i;ree,  issued  by  the  King  in  1630: 

i^vinoe  of  New  Hampshire,  lying  and  uxtending  from  three  miles  nortbwai4  of 
)I«rTin>ack  River  or  any  part  thereof  into  ye  Proviooe  of  Ualne. 

lu  tbe  year  1690  the  province  of  New  Hampshire  was  again  taken 
Doder  the  jnrisdiction  of  Massachnsetts  Bay,  bat  was  again  separated 
ill  1692. 

{For  a  history  of  tbe  boundary  between  New  Hampshire  and  Maine, 
fide  Huue,  p.  35.] 

TbB  ooDtroversy  ^ready  referred  to  arising  between  the  provinces  of 
Sew  Hiunpshire  and  Hassaohnsetts  Bay  not  only  involved  the  setUe- 
owDt  of  the  boundary  between  New  Hampshire  and  Maine,  but  also  that 
between  Kew  Hampshire  and  Massachusetts,  and,  as  before  stated  [vtde 
Kaioa,  p.  35),  the  commissioners  appointed  by  the  two  provinces  hav- 
ing been  unable  to  agree,  Mew  Hampshire  appealed  to  tbe  King,  who 
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ordered  tltat  the  bouDdaries  should  be  settled  by  a  board  of  commiS' 
Bi<mers  appointed  from  the  oeighboiiDg  colooies. 

The  bowd  met  at  Hampton  in  1737,  and  anbmitted  a  conditional  de- 
cision to  the  King,  who  in  1740  declared  in  council  as  follows,  viz; 

ThAt  the  Dorthem  boandar;  of  the  proviDce  of  HMsoobntetts  be  %  similar  curve 
line  pntBDing  the  course  of  the  Metrimao  Biver,  at  three  miles  dietance,  od  the  north 
■ide  thereof,  beginning  at  the  Atlantic  Ocean  aod  ending  at  a  point  dne  north  of  Pan- 
tnobet  Falls,  and  a  straight  tine  drawn  from  thence,  due  weat,  till  it  meets  with  Rl» 
U^eaty'a  other  GoTemmente.     ( Vide  Vermont  State  Papon,  Slode,  p,  9.) 

Ifew  Hampshire  claimed  ber  southero  boundary  to  be  a  line  dne  west 
from  a  point  on  the  sea  three  miles  north  of  the  mouth  of  Menimac 
Biver.  Massachusetts  claimed  all  the  territorj'  three  miles  north  of  any 
part  of  Meirimac  Elver.  The  King's  decision  gave  to  Uew  Hampshire, 
a  strip  of  territory  more  than  titty  miles  in  length  and  of  varying  width, 
in  excess  of  that  which  she  claimed.  This  decree  of  the  Ejng  was  for- 
warded to  Mr.  Belcber,  then  governor  of  both  the  provinces  ot'  Ncn* 
Hampshire  and  Massachosetts  Bay,  with  instructions  to  apply  to  the 
respective  assemblies  to  unite  in  making  the  necessary  provisions  fbr 
niuning  and  marking  the  line  conformable  to  the  said  decree,  and  If 
either  assembly  refased,  the  other  was  to  proceed  ex  parte.  Massacha- 
setts  Bay  declined  complying  with  this  requisition.  New  Hampshire, 
therefore,  proceeded  alone  to  run  and  mark  the  line. 

George  Mitchel  and  Bicbard  Hazen  were  appointed  by  Belcber  to 
survey  and  mark  the  line.  Pursuant  to  this  authority,  in  the  month  of 
Febraary,  1741,  Mitchel  ran  and  marked  the  line  £rom  the  sea-ooost  shout 
three  miles  north  of  the  month  of  the  Merrimac  Kiver  to  a  point  about 
three  miles  north  of  Pawtncket  Falls,  and  Hazen,  in  the  montb  of  March 
following,  ran  and  mailed  a  line  trom  the  point,  three  miles  nortii  of 
Pawtucket  Falls,  across  the  Connecticut  Biver,  to  tlie  supposed  boand- 
■ry  line  of  Kew  York,  on  what  he  then  sappoeed  to  be  a  due  west 
oonrse  fh>m  the  place  of  beginning.  He  was  Instraoted  by  Qovemor 
Belcber  to  allow  for  a  westerly  variation  of  the  needle  of  ten  d^rees. 
{Vide  New  Hampshire  Joomal  H.  B.,  1S26.) 

The  report  of  the  sorveyors  has  not  been  preserved,  bat  the  jonrnfd 
<rf  Hazen  has  been  found,  and  is  published  in  the  New  England  His- 
torical and  Oeneral  Uegister,  July,  1879. 

Subsequent  investigation  has  proved  that  this  line  was  not  ran  on  a 
doe  west  coarse,  Uie  atlowanoe  fbr  the  westerly  variation  of  the  needle 
being  qnite  too  large,  throwing  the  line  north  of  west. 

This  mistake  seems  to  have  been  known  previous  to  the  Bevolation. 
In  1774  calculations  were  made  by  George  Sproale,  tbonded  upon  actual 
surveys  and  accurate  astronomical  observations,  from  which  he  deter- 
mined that  Hazen's  line  was  so  Ear  north  of  weat  as  to  lose  to  the  State 
of  New  Hampshire  quite  a  large  tract  of  land.  (  Vide  New  Hampshire 
Journal  H.  B.,  1^6.) 

In  1825  commissioners  were  appointed  by  the  States  of  New  Hamp- 


tumt.].  MEW  HAUPSIUBE.  43 

shin  »cd  Massachosetts  to  ascertaio,  ma,  and  mxA  tbe  line  between 
tbe  two  States,  nnder  the  proceediogs  of  which  Xew  Hampshire  as- 
Bert«d  her  daim  to  a  dae  west  line,  conformable  to  the  decree  of  1740, 
it  being  apparent  hy  a  aarvey  made  by  the  comiDissiODera  that  the  orig- 
ioid  line  was  north  of  west.  This  the  Maagachasetts  commiseionera  re- 
fused to  do,  alleging  that  they  were  only  empowered  to  ascertain  and 
mark  the  original  line. 

Od  March  10, 1827,  the  legislature  passed  a  reeolation  providing  for 
the  erection  of  durable  monuments  to  preserve  the  boundary  line  be- 
tween the  States  of  Massachusetts  and  New  Hampshire,  as  the  same 
had  I>een  run  and  ascertained  by  the  commissioners ;  and  monuments 
vwe  ereoted  aooordingly.     ( Vide  Besolves  of  Massachusetts,  1827.) 

In  1830-'8  a  trigonometrical  sarrey  of  the  State  of  Massacbasetts  was 
made  under  the  direction  of  Simeon  Borden. 

A  table  of  the  latitudes  and  longitudes  of  points  on  the  north  bound- 
ary of  Massachusetts,  taken  from  that  snrrey,  will  be  found  nnder  Mass- 
acbuseUs,  p.  64,  from  which  the  true  coarse  of  the  Hazen  line,  as  marked 
it;  the  commissioners  in  1827,  may  be  readily  discovered. 

Under  the  decree  of  the  King  of  1740  the  province  of  TSew  Hampshire 
clumed  jurisdiction  as  far  west  as  the  territory  of  Massachusetts  and 
Connecticat  extended,  thns  including  the  present  State  of  Vermont. 
Kev  York  claimed  all  the  oonstry  west  of  the  Connecticut,  under  the 
charters  of  1664  and  1674  to  the  Duke  of  York.  A  bitter  controTere? 
engned.    The  following  papers  serve  to  throw  some  light  on  the  matter: 

LMer  from  tite  G&eemor  of  Sae  Hom^Mrttn  U«  Qoventor  of  Ht^  York. 

PolTBHonTH,  NottnAw  17,  174S. 

*  *  *  I  think  It  my  Aatj  *  *  *  to  traninilt  to  yonr  exoellency  tlie  deaorlp- 
ttBaorHmr  HampahireH  theBtagIiMd«t«niilDed  it  InthetrmdaafniyoominlMloii. 

*  *  *  In  coQMqnenoe  of  HU  H^jeety*!  d«tentiln«tii>n  of  the  bonudaiie*  b«twe«i 
Heir  HunpaliiTe  and  HaaBSchuBetta,  a  Hnrrefor  and  proper  ohAinmen  wen  appointed 
te  nil  the  weaten  line  from  3  milea  north  of  Pantnoket  Falls,  and  the  snrreyot  upon 
Mth  hac  deelnred  that  it  strikes  Hodson's  Biver  aboat  -80  polea  north  of  where  Ho- 
kawk'a  Blrer  oomM  Into  Hndaon'e  Biver. 

B.  WEHTWOBTH. 
(SeaStata  Papers  of  Vermont,  gtade  1,  page  10.) 

Hie  foUowing  is  a  description  of  the  bounds  of  New  Hampshire  given 
to  GoT^ranor  Benning  Wentworth,  of  province  of  ^ew  Hampshire,  by 
Qeorgen,  Jti]y3,1741: 


n  Mr  fe««9  Bad  vnU-leloved  Beiming  ffMtmn-Ht,  £tgr.,  grteKng : 

Know  yon  that  we,  rapoaing  eepeolal  trust  and  oon&denoe  in  the  pmdenee,  eooraee, 

«d  loyalty  of  yon,  the  uid  Benning  W«ntworth,  ont  of  onr  especial  giao^  oertain 
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knovledge,  and  meer  motioD,  have  thought  fit  to  oonatitnte  and  appoint,  sad  by 
tbeM  preeents  do  oouBtitate  and  appolat  yoa,  the  said  Benning  Weotworth,  to  be  our 
govenror  and  comniander-in-cbief  of  our  proTiDce  of  New  HampahlK,  within  onr  do- 
miaionB  of  Now  England  in  America,  boanded  on  the  sooth  aide  by  a  alnillar  enrre 
line  pnnuiDg  tbo  conne  of  Herrimao  Biver  at  tliree  mllea  diitance,  on  the  north  M» 
thereof^  beginnlDg  at  the  Atlantick  Ocean  and  ending  at  a  point  due  north  of  a  plaoe 
called  Pantncket  Falla,  and  by  a  straight  line  drawn  from  thence  due  west  otoatthe 
said  river  'till  it  raeeta  with  onr  other  Governments.     ■     >     • 

Oiveo  at  Whitehall  July  the  3rd.  la  the  15tb  year  of  Hia  M'ljeaty'B  Teign. 

(See  Documentary  History  of  N.  York,  vol.  4,  page  331.) 

The  qnesdoa  of  the  right  of  territory  waa  Bobmitted  to  the  King,  irbo 
Id  1764  made  the  following  decree : 

BaTWBKM  MEW   VORS   AKS  NKV  DAlfP- 


[l.  e.]  Attrb  Court  at  St.  Jambs, 

ThcWtk  day  o/Jidg,  1764. 

Preaeutt  The  King's  Most  Excellent  Majesty;  Lord  Steward,  Eailof  Baodwloh, 
Earl  of  Halifax,  Earl  of  Fowls,  Earl  of  HilBhorough,  Mr.  Vice  Chamberlain  QUbert 
Eliot,  Esqr,,  Janes  Oswald,  Esqr.,  Earl  of  Harconrt. 

Whereas  theie  was  this  day  read  at  the  Boatd  a  report  made  by  the  right  honora- 
ble the  lords  of  the  committee  of  conncll  for  plantation  affairs,  dated  the  17tlh  of  this 
instant,  npsn  considering  a  representation  from  the  lords  commissioners  for  trade  and 
plantations,  relative  to  the  dispnteetbat  have  tome  years  subsisted  between  the  pn>V' 
inees  of  New  Hampshire  and  New  York,  concerning  the  boandary  line  between  thosa 
provinces,  H}s  Majesty,  taking  the  same  Into  conaideratiDn,  was  pleased  with  tbaad- 
tice  of  his  Privy  Conncll  toapproveof  what  is  therein  proposed,  and  doth  aacordinglf 
hereby  order  and  declare  Ihn  western  banks  of  the  river  Connectieat,  from  where  It 
enters  the  province  of  the  Msasachnsetts  Bay,  as  far  north  aa  the  fbrt^-dfth  degrae  of 
northern  latitude,  to  be  the  bonndary  tine  between  the  said  two  provinces  of  New 
Hampshin  nod  New  Tork.  Whereof  the  respective  govemora  and  commanden  In 
ehief  of  HfsU^esty'ssatd  provlnoeaof  New  Hampshire  and  New  York  for  tbettoM 
being,  and  all  others  whomlt  mayooncem,aretotalutfiotioeaf  HisH^esty'splewBitt 
hereby  signified  and  govern  themselvea  accordingly. 

WM.  BLAIB. 

( Vitia  Docnmentary  History  of  Xew  York,  vol.  4,  p.  355.) 

Notwithstanding  this  decree  of  the  King,  cootroversy,  attended  witb 
violence,  was  kept  ap  for  many  years ;  but  the  line  was  finally  accepted 
and  now  forme  the  boandary  line  between  the  States  of  New  Hampshire 
and  Vermont. 

The  northern  bonndary  of  New  Hampshire  was  settled  by  the  United 
Stat«s  and  Great  Britain.    ( Ftd«  p.  9  «f  teq.) 

It  is  as  follows,  viz : 

Commenoiog  at  the  "  Crown  Monnment,"  bo  called,  at  the  intersection  of  lbs  Stala 
of  New  Hampshire,  Maine,  and  the  Province  of  Qnebee,  in  latitode  «fi  lS'Sr'.33, 
loDgitade  71°  5'  40"  .6,  thence  in  an  iiregnlar  line  to  Hall's  Stream,  thenee  down  th* 
aame  to  the  oortheaBtom  comer  of  Vermont,  in  latilndeAB^O*  17".&8,  longitttdsTJ'' SO* 
V.6.  ( Tidt  Hitch.  Geology  ef  Sew  Hampshire.) 
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Ttko  gaatta  Crom  Ktog  Heniy,  of  France,  of  1003,  and  King  Junes, 
of  Snglftnd,  of  1600,  botli  incladed  that  territory  whioh  fonna  the  pres- 
ent State  of  Yermont.  It  was  also  Incladed  in  the  charter  of  New  Eng- 
bud  of  1620. 

In  the  grants  to  the  Dnke  of- York,  in  1664  and  1674,  all  the  territory 
brtveen  the  Connectioat  and  Delaware  Bivere  was  inclnded.  New 
Totk,  therefore,  claimed  Jorisdiotion  of  the  territory  now  known  as 
Vemont,  Massaohnsetts,  however,  at  an  early  period,  baving  made 
cluin  to  the  tract  west  of  the  Oonoeoticat  Biver,  now  a  portion  of  that 
State,  by  the  interpretation  of  her  charter,  clumed  the  greater  part  of 
the  same  territory.  By  the  terms  of  the  charter  of  MassaohnsettB  Bay, 
tf  1029,  that  colony  was  granted  all  the  lands — 

WUoli  iy9  and  be  wltUa  the  ipMa  of  Tbiee  Engllab  mjlm  to  the  nortbwkTd  of  the 
Hida  Blrar  ulled  lioBomaek  alUa  MsRyniMik,  wt  to  the  norwaid  of  ftnjr  and  •rerr 
Puta  thereof: 

Under  this  claose  Massachasette  Bay  claimed  that  her  jarisdictioa 
extended  3  miles  north  of  tba  furthest  part  of  the  Merrimoo  Biver, 
vhicb  woold  embrace  a  large  portion  of  New  Hampshire  and  Yermoot. 
New  Hampshire  contested  this  claim,  and  after  several  years'  contro- 
Tersy  was  more  than  sustained  by  a  decision  of  the  King  in  1740.  New 
Hampshire  in  her  tarn  claimed  the  territory  of  Yermout,  on  the  groand 
fliat  Massachnsetts  and  Connecticut,  having  been  allowed  to  extend 
their  boundaries  to  within  20  miles  of  the  Hudson  Biver,  her  western 
bonndary  shonld  go  equally  as  fur,  and  contended  that  the  King's  de^ 
creeof  1740  left  that  £iirly  to  be  inferred;  also,  that  the  old  ohartera  of 
1664  and  1074  were  obsolete. 

By  a  decree  of  the  King,  however,  the  territory  west  of  the  Oonnec- 
licat  Biver,  from  the  45tb  parallel  of  north  latitude  to  the  Massachu- 
setts line,  was  declared  to  belong  to  the  province  of  New  York.  ( Vide 
Sew  nampshlre,  p.  44.) 

As  most  of  the  settlers  of  Yermont  were  fit>m  New  Hampshire,  this 
decision  of  the  King  caused  great  dissatisfaction,  and  the  Bevotution 
fbond  Yermont  the  scene  of  conflicting  claims,  and  the  theatre  of  violent 
acts,  calminating,  in  some  instances,  in  actnal  bloodshed. 

On  Jannary  15, 1777,  Yermont  declared  herself  independent  and  laid 
elaim  to  the  territory  west  as  far  as  the  HndsoD  Biver,  and  from  Its 
■ooioe  north  to  the  international  bonndary,  indading  a  tract  along  the 
vest  shore  of  Lake  Champlain.  A  part  of  New  Htunpshire,  also,  at  one 
tiaie,  aoaght  a  onion  with  Yermont. 

In  1781  Maaaaohosetts  assented  to  her  independence.    She  a(]jiiated 
W  differences  with  New  Hampshire  in  1782,  bat  eight  years  more 
passed  before  New  York  consented  to  her  admission  into  the  Union. 
(fiOl) 
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ia 1791  Vermont  vaa  admitted  as  an  independent  State,  bnt  was  le- 
quired  to  reBtriot  her  botrndaiies  to  their  present  extent. 

The  act  of  New  York,  of  Uarch  6, 1790,  giving  her  consent  to  the  ad- 
mission of  Yennont,  defines  her  boandaries.  ( Vide  Slade's  Vermont, 
p.  SOI.) 

The  nortfaeni  boandaiy  was  settled  by  th(>  TTnited  States  and  Great 
Britain  by  the  treaty  of  Washington,  in  1842.    {Vide  p.  16.) 

The  eastern  boondary  is  low-water  mark  on  the  west  banfc  of  the 
Oonneotient  Biver.    ( Fide  Sew  Hampshire,  p.  14.) 

The  soathem  boundary  was  settled  by  the  decree  of  1740.  { Vide 
New  Hampshire,  p.  42.) 

The  line  between  Vermont  and  Sew  York  was  sorveyed  and  marked 
by  eommlssionen  fhim  the  two  Stfttes  in  1814,  and  is  as  follows,  via: 

B^Dning  at  a  red  or  bUok  oak  tree,  the  uortbweet  ooni«r  of  UtMmobaaetta,  and 
ruDniDg  north  82P  SO*  west  as  the  tnegnetio  needle  pointed  in  1814,  GO  chains,  to  ft 
monnmenterectedfortheMathwest  corner  of  the  Bt«teof  Tannant,  by  Smith  Tbomp- 
MD,6lDK>nDeWitt,»ndOeorgeTibbittB,oommlKioDera  on  th«  part  of  NewT<nk,aiid 
Joeepb  Beeman,  Jr.,  Henry  Olin,  and  Joel  Pratt  aecond,  oommisaioaers  on  the  part  at 
the  Stttte  ofVermont,  which  monnment  stands  on  the  brow  of  a  high  hill,  dewwodintt 
to  the  ireat,  then  northerljin  a  straight  line  to  apoiDtwhiohiBdIatantlOehalna,aiia 
coarse,  BOtith.  35  degrees  vest,  ttotn  the  most  westerly  earner  of  a  lot  of  land  diatJn- 
(nlsbed  in  the  records  of  the  town  of  Pownal,  in  the  State  of  Termout,  as  the  fifth 
divicdon  of  the  right  of  Gamaliel  WaUaoe,  and  which,  in  the  yeu  1814,  waa  owned 
and  occnpied  by  Abraham  Vosburgh ;  then  north  35  dexreea  east  to  said  oomec  and 
along  the  westerly  bonode  of  said  lot,  30  chains  to  a  place  on  the  westerly  bank  of 
Haeick  Biver,  where  a  hemlock  tree  heretofore  stood,  noticed  in  said  records  as  the 
most  northerly  comer  of  said  lot;  then  north  1  degree  and  20  minntes  west,  6  okaina 
to  a  monnment  ereoted  by  the  said  commissioners,  standing  on  the  westerly  side  of 
Hasick  lUrer,  on  the  north  side  of  the  highway  leading  ont  of  Hasick  into  Pownal, 
and  near  the  northwesterly  comer  of  the  bridge  eroaaing  aaid  river;  then  ntsth  S7 
degrees  and  30  minntes  east,  30  chains,  through  ihe  bed  of  the  said  river,  to  a  Urge 
ronndish  rock  on  the  northeasterly  bank  thereof ;  then  north  25  degrees  wevt, 
16  chains  and  70  links;  then  north  9  degrees  west,  18  chains  and  60  links,  to  a  white- 
oak  tree,  at  the  southwest  comer  of  the  land  occupied  in  1814  by  Thomaa  WQaey ; 
then  north  It  degrees  east,  77  chains  to  the  north  aide  of  a  highway,  where  it  la  met 
by  a  fence  dividing  the  possession  of  said  Thomas  Wilsey,  Jr.,  and  Emery  Hnnt ;  then 
north  46  degrees  east,  6  chains ;  then  sooth  66  degrees  eaat,  S6  chains  and  S6  Unka ; 
then  north  9  degrees  east,  27  chains  and  50  links  t«  a  blue-elate  atone,  aooiently  aet 
np  for  the  sontb  west  comer  of  Bennington;  then  north  7  degreea  and  30  minnteaeurt, 
46  milM  43  chains  and  50  links  to  a  bunch  of  hornbeam  saplings  on  the  soath  bank  of 
PoQltney  River,  the  nortbernmoflt  of  which  was  marked  by  aaid  last-mentioned  oom- 
missioncrs,  and  from  which  a  large  butternut  tree  bears  north  70  degieea  west,  30 
links,  a  large  bard  maple  tree,  south  2  chains  and  86  links,  and  a  white  ash  trM  oa 
the  north  side  of  said  river,  north  77  degrees  east. 

Which  said  aeveral  lines  from  the  monnment  ereoted  for  the  southwest  comer  of 
the  State  of  Vermont  were  established  by  said  last'mentioned  oommissioneia,  and 
were  run  by  them,  as  the  magnetic  needle  pointed,  in  the  year  1814,  thui  down  tile 
said  Fonltney  River,  thiongh  the  deepeat  channel  thereof  to  East  Bsiy;  then  tluoogh 
the  middle  of  the  deepest  channel  of  Eaat  Bay  and  the  water*  thereof  to  wbaie  th« 
same  commnnioate  with  Lake  Champlain ;  then  through  the  deepest  channel  of  Lake 
Champlain  to  the  eastward  of  the  Islands  oallea  the  Fonr  Brothers,  and  the  westward 
of  the  iilands  called  the  EIrand  Isle  and  Lang  Isle,  or  the  Two  Haroea,  and  to  the  west- 
(602) 
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ntd  of  tb«  lale  La  If  otte  to  the  line  in  the  45Ch  degree  of  north  latitods,  eBtabUahed 
bjtnktyfor  the  bonndAry  line  between  the  United  State*  knd  the  British  Dominions. 
(See  Bevieed  Statates  of  Ifew  York,  Bank*  &.  Brotbera,  aixtb  edition,  ToL  I,  pp. 
122-123.) 

Tbia  line  vas  changed  in  1S76  by  a  cession  of  a  small  territory  fh)m 
VenDOnt  to  yew  York,  described  as  followa,  viz : 

All  that  portion  of  the  town  of  FairhftTen,  in  the  ooonty  of  Bntland,  and  State  of 
Termont,  lying  westerly  from  the  middle  of  the  deepeet  channel  of  Pooltney  Bins 
u  it  DOW  ninB,  and  between  the  middle  of  the  deepeet  ohannel  of  lald  liver  and  the 
weit  hne  of  tlte  State  of  Tennont  aa  at  preeent  Mtabliahed.    (Batlfied  by  CongMV 

April?,  ueo.) 


HA88ACHU8ETTS. 

Tho  territory  of  Massaf^osetts  vas  inoloded  in  die  first  charter  of 
Tirginia,  granted  in  1606,  {VHe  Virginia  p.,  88)  and  in  the  charter  of 
New  England,  granted  in  1620,  (Vide  Maine  p.  33.) 

Id  1638  the  cooncil  of  FljmoQtb  made  a  grant  to  the  governor  and 
company  of  MassBchosetts  Bay  in  STew  England,  which  wm  confirmed 
by  the  King,  and  a  charter  was  granted  in  1629,  of  which  the  following 
areeztrBcts: 

*  ■  "  Kowe  Enowe  Yee,  that  Wee  •  •  •  have  given  and  granted  •  •  • 
ill  that  Parte  of  Hewe  Eagland  in  Amirica  nhioh  Ijrea  and  extends  betweene  a  great 
River  there  commonlie  called  Monamack  EivcT,  aliae  Herrimack  Biver,  and  a  eerten 
other  Rf  ver  there,  called  Charles  Biver,  being  in  the  Bcttome  of  a  oerten  Bay  there, 
cooionlle  called  Uaeeachnaetts  alias  Uattachaeetts,  alias  Maaaatntetta  Bay,  and  also 
sU  and  aingnler  thoee  Landes  and  Beieditameot  whatsoever,  lying  within  the  Space 
«f  Three  Englishe  Uyles  on  the  Sonth  Parte  of  the  said  Bivei  called  Charles  Blver,  or 
of  any  or  every  Parte  thereof.  And  also  all  and  singnler  the  Landes  and  Heredita- 
ueola  whatsoever,  lying  and  being  with  the  spaee  of  Three  Englishe  Hlles  to  the 
•onthward  of  the  soathermost  Parte  of  the  said  Baye,  called  Usssschusetts,  alios  Matta- 
cAnsetta,  alias  Haseatneetta  Bay — and  also  all  those  Lands  and  Hereditaments  what- 
•oever,  which  lye  and  be  within  the  space  of  Three  English  Hyles  to  the  Northward 
ef  the  saide  Biver,  called  Monomaok,  aUas  Uerrymacfc,  or  to  the  Norward  of  any  aod 
every  Porte  thereof  and  all  Landes  and  Hereditaments  whatsoever,  lyeing  within  the 
Lymitta  afbresaide,  North  and  Sooth,  in  Latitude  and  Bredtta,  and  in  Length  and 
Longitode,  of  and  within  all  Uie  Bredth  aforesaide,  thronghont  the  Hayne  Landes  there 
finm  the  Atlautick  and  Westeme  Sea  and  Ocean  on  the  East  Parte,  to  the  South  Sea 
on  the  West  Parte. 

*  •  •  Providodalwayee,  That  yf  the  said  Landea  •  '  *  were  at  the  tyme  of 
tbegraontingof  the  saide  former  Letters  patents,  dated  the  Third  Day  of  Kovember, 
in  the  Eighteenth  yeate  of  our  said  deare  Fathen  Baigne  aforesaide,  act  oalUe  posaened 
or  inhabited  by  any  other  Christian  Prince  of  State,  or  were  within  the  Bonndea 
Lymitta  or  Territories  of  that  Sonthem  Colony,  then  before  graunted  by  our  saide 
lale  Father  *  ■  ■  That  then  this  present  Orannt  shall  not  extend  to  any  endi 
partes  or  pareells  thereof  ■  -  •  bat  as  to  those  partes  or  parcella  •  ■  ■  sjial 
be  vtterUe  voyd,  theis  preaenta  or  twy  Thinge  therein  oonteyned  to  the  eontnrie  not> 
wistaoding    •    •    • 

He  dMTter  of  'Sew  En[^and  was  surrendered  to  the  King  in  1636. 
{Vide  Plymoath  Colony  Laws,  p.  33&.) 
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The  charter  of  1629  was  canceled  by  a  jademant  of  the  high  court 
of  chancery  of  England,  Jnne  18, 1684.     ( Vide  O.  &  0.,  p.  442.) 

Id  the  year  1686,  Pemaqnid  and  its  dependencies  were  annexed  to  the 
Kew  England  govcmmeat.    {Vide  Maine,  p.  34.) 

In  1691  a  new  charter  was  granted  to  Maaaacfansctts  Bay,  whi<di  in- 
cluded Plymouth  Coluny  and  the  Provinces  of  Maine  and  Nora  Sootia. 
The  following  are  extracts  from  this  charter: 

*  *  *  Wee  ■  ■  '  do  win  and  oide^ne  that  the  Terr^lariM  and  CoUonyeM 
Conuaonlf  called  or  Kdowd  by  the  oameB  of  the  CoUony  of  the  MftwachoaettB  Bay 
and  Collony  of  New  PlymOQih  the  Provinoe  of  Uatn  the  Territorie  called  Aocadia  or 
Nova  Scotia  and  all  that  tract  of  Land  lying  betweene  the  said  Territoriee  of  Ho*a 
Scotia  and  the  eaid  Fiovince  of  Main  be  created  Vnited  and  Inoorporated  •  •  • 
lotoone  real]  Piovince  by  the  Name  of  OurProvinoeof  theUawaohnsette  Bayiu  Hew 
Eogland.    *    ■    ■ 

All  that  parte  of  New  England  in  America  lying  and  extending  from  the  greate 
KItm  GoOooIy  called  UonomackalBHenimaok  on  the  Northpart  andftmn  three  Hjlec 
Northward  of  the  iatd  River  to  the  Atlaotiok  or  Weatem  Sea  or  Ocean  on  the  South 
part  And  all  the  Landa  and  Hereditament*  whateoever  lying  within  the  Umitta  afiue- 
•aid  and  extending  as  farr  ae  the  Oalemiotit  Points  or  Promonloriea  of  Land  oalicd 
Cape  Cod  and  Cape  Uallabar  North  an<l  South  and  in  Latitade  Breadth  and  in 
Length  and  Longitude  of  and  within  all  the  Breadth  and  Compaas  aforesaid 
Hiroaghont  the  Main  Land  there  fhim  the  said  Atlantick  or  Western  Sea  and  Ocean 
on  the  East  parte  towariis  Ifae  South  Sea  or  Westward  as  far  as  Oar  CollonyeB  of 
Ehode  Island  Conoeoticntt  and  tbo  Narrogaonett  Couiitrey  all  alsoe  all  that  part 
or  porcon  of  Main  Land  beginning  at  the  Entrance  of  Pescatanay  Unrboar  and  soe 
to  pass  vpp  the  same  into  the  Eiver  Newiukcwannuck  and  through  the  same  into 
tho  furthest  bead  thereof  and  from  tbonco  Northwestward  till  One  Hundred  and 
Twenty  niilea  b«  famiBhed  and  from  Piacataway  Harbonr  month  aforesid  North-Eaet- 
ward  along  the  Bca  Coast  to  Sagadehock  anil  from  the  Period  of  One  Hundred  Mid 
Twenty  Miles  aforesaid  to  crosso  over  Land  to  the  One  Hundred  and  Twenty  Hites  be- 
fore reckoned  up  into  the  Land  from  Piscataway  Harbonr  through  Nen-ickawannoob 
River  and  alsoe  the  North  halfe  of  the  Isles  and  Shoalestogatherwiththe  Isles  of  Cap- 
pawook  and  Nantnkett  near  Capo  Cod  aforesaid  and  alsoe  [all]  Lands  and  Heredita- 
meote  tying  and  being  In  the  Counlrey  and  Territory  ooiiionly  called  Accadia  or  Nova 
Scotia  And  all  those  Lanila  and  Hereditanientslyingiind  extending  betweene  theaald 
Conntrey  or  Territnry  of  Nova  Scotia  and  the  said  River  of  Bagadahook  or  any  part 
thereof  And  all  Lands  Grounds  Piacxs  Soiles  Wo<.ds  and  Wood  gronnds  Havens  Porta 
Rivers  Waters  and  other  Hereditaments  and  premisses  wbat«oever,  lying  within  the 
said  bounds  and  limitts  aforesaid  and  every  part  and  paroell  thereof  and  ateoe  aU 
Islands  and  Islctts  lying  within  tenn  Leagnes  directly  opposite  to  the  Udn  Land 
within  the  said  bounds.    •     ■     ■ 

(For  an  account  of  the  settlement  of  the  bonndary  between  the  I>ia- 
trict  of  Maine,  formerly  a  part  of  Massaohnsetts,  aee  Maine,  p.  35.) 

The  present  northera  boundary  of  Massachusetts  was  settled  in  1741. 
(For  history,  see  New  Hampshire,  p.  43.) 

The  bonndary  line  between  Massachnsette  and  Rhode  laland  was  for 
more  than  two  hundred  years  a  question  of  dispute,  and  was,  in  some 
respects,  the  most  remarkable  boundary  ease  with  which  this  coontiy 
bas  had  to  do.  Twice  the  case  went  to  the  Supreme  Court  of  the  Uoited 
States,  and  in  one  of  these  suits  Daniel  Webster  and  Bufus  Oboate  WMe 
employed  as  counsel  for  Massachusetts. 
(W4) 
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As  early  as  1643  the  line  between  tbe  two  colooieB  was  marked  in 
part  by  Nathaniel  Woodward  and  Solomon  Saffrey,  who  get  op  on  the 
plain  of  Wreutham  a  stake  as  the  commencemoDt  of  the  line  between 
MaasachasettH  Bay  and  Rhode  Island.  This  stake  was  by  them  snp- 
posed  to  mark  a  point  3  miles  sooth  of  the  Charles  Biver. 

The  report  of  these  commissioners  has  not  been  found,  but  freqaent 
reference  is  made  to  their  surrey  in  the  record  of  the  snbeeqnent  con- 
troi-ersies  and  litigations. 

Id  ITKMll  commissioners  appointed  ftvm  Massaohosetts  and  Bhode 
Island  agreed  npon  the  north  line  of  Bhode  Island.  The  action  of  the 
oommisstoners  was  approved  by  the  legislatnres  of  both  colonies. 

The  agreement  was  as  follows,  viz : 

That  the  stake  set  up  by  Nathaniel  Woodward  and  Solomon  Baffray,  sklllftil,  ap- 
]>ored  artists,  in  tbe  year  nf  onr  Lord  L642,  and  liooe  that  ofttui  renewed  in  the  latl- 
tnde  of  41°  55',  being  3  English  miles  distant  southward  from  the  ■onthemmoct 
pari  ol  the  river  called  Cbarlm  Biver,  agreeable  to  the  letters  patent  fur  the  Uassa- 
cboKtts  Provinoe,  be  accoonted  and  allowed  on  both  sides  the  oommenoement  of  the 
Use  between  the  Uaasachneetta  and  tbe  colony  of  Bhode  Island,  from  which  said  stake 
the  dmding  line  shall  mn,  so  as  It  may  (at  Connectioat  Biver)  be  St|  milea  to  the 
•onthwsid  of  a  dne  west  line,  allowiog  the  variation  of  the  compass  to  be  ^ ;  which 
Slid  line  shall  foiever,  Ao.     (Fide  Howard's  Beports,  8.  C,  Vol.  4,  p.  631,  W  sag.) 

In  1710  this  line  was  ran  by  commieaioners  appointed  for  the  purpose. 
Sahseqnent  investigation  has  shown  that  this  line  was  ran  in  a  very 
inegolar  manner.    ( Vide  B.  I.  Acts,  May,  1867,  page  6,  et  seq.) 

Tb6  line  between  Massachusetts  and  the  eastern  part  of  Bhode  Island 
was  fixed  by  commiaaionera  in  1711,  ftom  the  decision  of  whom  the  col- 
ony of  Bhode  Island  appealed  to  the  King,  who,  in  the  year  1716,  affirmed 
their  decision  by  a  royal  decree. 

The  following  ia  a  record  of  the  proceedings  in  council,  together  witli 
tbe  royal  decree. 

(CooaoaOSoa.    Coaaell  BagUlM.   d«o.  II, Ko.  8,  p.  I(M.| 

At  the  Coukt  at  KKKemOTOs 

lf(«29U  day  o/Julg  174S. 
Pnaaat.  Tbe  Kings  Host  Excellent  H^esty,  Arcbbp^  of  Cantnrbnry,  Earl  of  Pem- 
hoke,  Lord  President  Eail  of  WlDcbelsea,  Lord  Priv;  Seal  Earl  of  Grantham,  Duke 
of  Bolton,  Earl  of  CbolmondeUy,  Dake  of  Butland,  Earl  of  Wilmington,  Marq>  of 
Twe^le,  Earl  of  Bath,  Visco<  Lonsdale,  Mi.  Chancellor  of  the  Esche",  Lord  Dela- 
ware, Sr  Charies  Wager,  Lord  Bathnrst,  Sr.  William  Yonnge,  Lord  Monsore,  Hr  John 
Koni^  Hr  Speaker  Thomas  WlnningtMi  li^Bq.,  Hr.  Vice  Chamberlin,  Oeoige  Wade 

Upon  reading  this  day  at  the  board  the  hnmble  Petetion  and  appeals  of  tbe  Oot- 
emor  and  company  of  the  English  of  Bbode  Island  and  Providence  Plantations  In 
Mew  England  in  America  f^m  several  partioalar  parts  of  the  determination  of  the 
ccmmissioiieTs  appointed  by  his  H^esty  to  settle  the  Boandary's  of  the  said  colony 
Esitwarda  with  the  Province  of  Hassaohnsetts  Bay,  and  bnmbly  praying  that  a  day 
may  be  appointed  for  hearing  said  appeal,  and  that  the  particular  parts  of  the  said 
Mnmladojien  determination  appealed  from  may  be  revened,  and  snoh  other  deter- 
(606) 
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■Qinatkm  in»da  liwt«ad  tbei«of  m  aball  be  »greaabl»  to  the  trae  oouBlmotlon  af  tlu 
BoiuidaryB  oontalned  in  the  Boyal  Charter  noder  which  the  FetfoDera  claim,  Itll 
ordered  by  hit  Uqjesty  in  Council  thftt  the  said  Petition  and  appeal  (a  copy  wheraof 
1b  hereuDto  annned).  Be  aod  it  ia  bejreby  leferred  to  the  Right  Honoroble  the  Loid 
of  the  committee  of  conncil  for  hearing  appeals  ftom  the  PlantatiooB  to  hear  the  aame, 
and  report  their  opinion  therenpon  to  hie  Mt^esty  at  the  Board. 
A  tme  copy. 

I.  a  LE19NABD. 


ICoondl  Oflloa.    ConuoU  Bcglttor.    O«o,  O,  INo.  Sp,  3W.] 

At  ths  Court  of  EBNBUiaTOM, 

th»  latk  das  itfBepU  1742. 

Present,  The  Kings  mMt  Excellent  Majesty  Archhp  of  CautarbDiy,  Lord  Drimar 
LordChaDoelloT.Mr  Vice  CbambeTlin,I)oke  of  Richmond,  Ur.  Chancellor  of  the  £x- 
cheqoer,  Dnke  of  Newcastle,  Harry  Polbam  Eaq.  Earl  of  Wlnchelsea,  Thomas  Win- 
nington  Esq  Earl  of  Wilmington  George  Wado  Esq.  Lord  Cartaret. 

Upon  reading  this  day  at  the  Board  the  hnmble  Petition  and  appeals  of  His  Ma- 
jesty's Province  of  the  Uassaehnsette  Bay  In  New  England  from  the  determination 
of  the  commissioners  appointed  by  His  M%)eety  to  settle  the  Boundary  of  the  Colony 
of  Bhode'  Island  Eastwards,  with  the  said  province  of  Hassachnsetts  Bay  and  hum- 
bly praying  that  a  day  may  be  appointed  for  hearing  the  said  appeals  and  that  the 
determination  of  tbe  said  commission eis  may  be  reveraed,  and  snch  oAer  determina- 
tion made  instead  thereof  as  shall  be  agreenbte  to  the  petioners  claim  exhibited 
hefbre  the  said  commissioners — It  is  ordered  by  his  Mt^esty  in  council  that  the  said 
petition  and  appeals  (aeopy  whereof  ia  hereunto  annexed)  Beanditia  hereby  referred 
to  the  Bight  Honorable  the  Lords  of  the  committee  in  council  for  hearing  appeal'a 
from  the  Plantations  to  hear  tbe  some  and  report  their  opinion  thereupon  to  II  ia  H»- 
Jeety  at  the  Board. 

A  true  oopy. 

I.  B.  LENNARD. 


lOHsnd  in  CoDDcdl.  dstsd  tnh  Hsy,  17M.    Conndt  offloe.   Cooncil  BecWsr.   Geo.  n,  No.  10,  p.  «a.l 
At  thb  Coubt  of  Exnsikoton, 

tA«  28(4  day  nf  May  1746. 

Present  the  Kings  Moat  Excellent  M^esty  iu  Conncil. 

Upon  reading  at  the  Board  a  Beport  from  the  Klght  Honourable  tbe  Lord  of  the 
committee  of  council  for  hearing  appeals  fivm  the  Plantations  dated  the  Ilth  of  De-, 
oember  1744  in  the  words  following  vizt. 

Your  Uqjesty  bav lug  been  pleased  by  Your  Order  in  oonncil  of  the29tbof  Jnly  1742 
to  refer  unto  this  committee  the  humble  petition  and  appeale  of  tbe  Governor  and 
company  of  the  English  Colony  of  Bhode  Island  and  Providence  Plantations  In  Kew 
England  in  America,  from  several  particr.lar  parte  of  the  determination  of  the  com- 
miMionera  appointed  by  your  H^Jesty  to  settle  the  Beundarye  of  said  colony  eastwards 
with  tbe  Provineeof  Uassacbnaetts  Bay  and  humbly  praying  that  the  partionlac  part* 
of  the  said  oommiaaiDoera  determination  appealed  from  may  be  levened,  and  each 
other  determinations  made  instead  thereof,  as  shall  be  agreeable  to  tbe  tme  oonstrao- 
tiou  of  the  BoDudarys  oontinned  in  the  Boysl  Charter  under  which  the  petldras 
oIaim-~aad  yont  M^jeaty  having  been  also  pleased  by  another  order  in  oonncil  of 
the  ]5th  of  September  174S,  to  refer  unto  this  committee,  the  humble  Petition  and  ap- 
peal of  your  Majesty's  Provinoe  of  the  Haasaohnsetta  Bay  in  New  England  parte  of 
(006) 
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the  ttlA  dBtonoimatioM  of  tha  mM  eominlidoneTS,  and  bmnbly  pnying  tbftt  ttM  auno 
BUT  be  leTVTNd  and  wt  nids  uid  'th«t  Inatettd  thoreot  Toar  M^eaty  will  be  gi»- 
donaly  plfaad  to  glTo  Kwh  Jodgement  and  detemuDatioDH  bb  riiall  be  agreeable  to 
the  paUtioDan  ol«im  exhibited  betoe  the  '•aid  oonmiwIcMien.  The  Lords  of  the 
eoDUiittee  in  obedienoe  to  jonr  HsJ«Ri;'it  a»id  orden  of  Eeference,  have  met  «evttial 
UmM,  and  taken  both  tbe  said  Petidoua  of  Appealu  into  their  ooaaideration,  and  bav- 
iag  exaadned  Into  the  Prooeedinga  of  tbe  said  cammiHsioners,  do  find  that  thej  pro- 
tWDMed  their  JudgamMita  or  deternilDMtion  on  th^  30th  of  June  1741  in  the  words  fbl- 
lowi»g: 

The  eemrt  took  into  ooneidention,  the  cbartera,  Deeds  and  other  Evidencps,  Claims 
Fleu  and  alleg»tions  prodneed  and  made  by  party  lefering  to  the  oontrorersy  before 
them  and  after  matue  advisement,  came  to  the  fUlowing  Beeolntians;  That  there 
is  not  any  one  Evidenoe  proTlng  that  the  Water  between  the  Main  Land  on  the  East, 
■nd  Bhode  Islknd  on  tbe  West,  waa  ever  at  any  time  ealUd  Naroganaett  BiTor, 
Uiat  thoi^b  there  be  evidence  that  the  place  where  tbe  Indian  called  King  Philip 
lived  near  Bristol,  was  called  Pawconoket,  and  that  another  place  near  Swaniey 
waa  called  Sowama  or  Bowamaett,  yet  no  evidence  has  been  prodneed  of  tbe  extent  of 
Ihe  Pawconoket  oonntry  to  Seaconk,  or  Pawtncket  River,  as  it  tbub  to  the  line  of  the 
late  Colony  of  the  Masaaehnsetta  Bay,  for  tho*  there  be  some  evidence  that  the  In- 
diana at  enmity  with  King  Philip,  or  with  other  Indiana  In  enmity  with  him,  lived 
OD  tbe  west  side  of  tbe  said  Biver,  and  that  the  Indiana  aobjeot  to  King  Philip,  or  in 
amity  with  him,  lived  on  the  East  side  of  the  said  Biver  there  is  no  Evidence  that 
sU  the  Indiana  subject  to,  or  in  amity  with  King  Philip,  lived  in  the  Pawconoket 
Ceanlry.  That  tbe  Province  not  huving  prodneed  tbe  LetterePatent,  constitnting  tba 
Donneil  of  Plymouth,  nor  any  copy  thereof,  the  Becital  of  aaid  Letters  Patent  in  the 
deed  Irom  the  oonncil  of  Plymouth,  to  Bradford  auil  his  neaociaten.  ix  not  anfflcient 
evidence  sbgainat  the  Kings  Charter.  That  the  oounoil  of  Plymouth  bein)(  a  Corpora- 
lioD,  coold  not  create  another  corporation,  and  that  no  Jurisdiction  within  the  Kincs 
Dominions  in  America  can  be  held  by  Presoriptiun  or  on  the  Fool  of  Prescription. 
That  tbe  determination  of  the  bonndarys  of  the  Colony's  of  Bhode  bland  and  New 
PlymoDtbby  tbe  Kings  Commissioners  in  the  year  1664  appear  to  havobvenouly  alem- 
poTsry  CRder  for  preserving  the  Pe«oe  on  the  Borders  of  both  Colonys  withont  deter- 
mining tbe  Bights  and  Tittis  of  either.  Upon  the  whole  nothing  appears  whereby  the 
Colony  of  Rhode  laland  and  Providence  plantations  can  be  barred  or  hindemd  from  ex- 
tending their  Jutiadiction  Bsstwatd  towarda  the  Province  of  tbe  Maaaaohnsetts  Bay 
according  to  the  tme  intents  and  meaning  of  their  charter.  Bnt  aome  dispute  having 
uisen  between  the  Partya  as  to  the  true  conatmction  and  meaning  thereof,  the  court 
is  of  opinion.  That  the  Narmgansett  Bay  is  and  extendpth  itself  from  Point  Jodith  in 
the  treat  to  Seaconet  Point  on  the  East  and  inolnding  the  Islands  therein,  layeth  qnd 
Mtendeth  itself  nutii  the  mouth  of  the  Rivet  which  runnith  towards  the  town  of 
Pmvidence  and  that  as  it  so  lies  or  extends,  it  has  and  may  be  conwdered  aa  having 
me  Eastern  Side  at  the  Eastern  coast  of  ^the  said  Bay  luna  np  northerly  ftom  Seconds 
Point, — and  one  other  North  F-aatem  Side  Rrom  near  Mount  Hope  to  Bullocks  Neck, 
aa  the  said  Bay  mna  np  North  Westerly  towards  the  Town  of  Providence  and  that 
ihs  land  adjacent  to  the  aaid  North  Eastern  and  Eastern  Coasts  Mid  inclnding  within 
the  fallowing  lines  and  the  said  Bay  are  within  the  Jurisdiction  of  tbe  Colony  of 
Khode  Idoind;  Yizt  on  the  North  East  side  of  the  aaid  Bay — one  line  running  fcom 
the  Bonth  west  comer  of  Bnllocks  Neck,  Northeaat  three  Milae.  One  other  line  nin- 
afakg  ttota  tbe  Northeast  extremity  of  the  aaid  line  nntil  it  be  terminated  by  a  line 
iktee  miles  Northeast  fk«m  tho  northeaatemmost  part  of  the  Bay  on  tbe  wsat  side  of 
Bnmatick  Neck,  and  one  other  line  from  tbe  termination  of  tbe  west  line  to  the  Bay. 
at  or  ney  Toweeet  Neck,  mnning  so  that  it  tonch  the  North  East  extremity  of  a  tiD4 
nuning  tbree  miles  North  East  from  tbe  North  East  comer  of  Bristol  Harbonr,  and 
on  the  EoBiteni  aide  of  tbe  aaid  Bay ;  One  line  from  a  certain  point  on  tbe  Eastern 
Ms  of  tbe  aaid  Bay  opposite  to  the  aontheromost  part  of  the  Shawmata  Neck,  and 
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fbnr  hnndrad  and  fort^  Boda  to  the  SontbwaidB  of  the  Uonth  of  FtM  Biver  runniug 
East  thiee  milee ;  Oae  other  line  miiuiiig  from  the  Easteminoat  extremity  of  the  nsid 
line  till  it  be  terminated  b  j  the  Eaatemmost  end  of  a  line  three  miles  Eaat  from  the  East- 
•riimoet  port  of  «  cove  In  the  eaid  Bay  which  ii  to  the  southward  of  Nawqaaket  and 
ODe  other  line  from  the  termination  of  the  last  line  to  the  eea,  ranning  oo  each  cooim, 
as  to  be  three  milea  East  ftom  the  Eaiit«rninoBt  port  of  the  Bay  adjoining  to  Scitcha- 
weit  on  Bhode  laltuid,  and  that  the  said  Distances  of  three  miles  East  and  Northeast, 
aie  to  be  measnred  from  high  Water  Hark,  and  this  court  doth  hereby  settle,  adjust 
and  determioe,  that  the  Eastern  Bonndary  of  the  said  Colony  of  Bhode  Island  and 
Providence  Plantations,  towards  the  Massaohmtetts  Bay,  is,  shall  be  and  mns  from 
a  oeitsiu  Pointe  (where  a  Meridian  line  pasainf;  through  Pawtuoketa  Falls,  .onts 
the  South  Boaudary  of  the  Colony  of  Maasachusetls  Bay),  sonth  to  Pawtncketa 
Falls,  Then  eontherly  along  the  eastward  side  of  Beaconk  Blver,  and  the  Biver 
vhioh  runnith  towards  the  Town  of  Providence,  to  the  Southwest  corner  of  Ballock'e 
Keck,  (hen  Northeast  three  miles;  and  then  along  the  aforesaid  lines  running  at  three 
miles  distanoe  from  the  Easternmost  parts  of  the  said  Bay  to  the  aaid  Bay,  at  or  near 
Towoset  Neck.  Then  as  the  said  Bay  mns  to  the  eoutbemmost  point  of  Shawmnts 
Neck,  and  then  in  a  straight  line  to  the  aforesaid  point  opposite  to  the  said  Neck. 
Then  East  three  miles  and  then  along  the  aforesaid  lines,  mnning  at  three  miles  dis- 
tance from  the  EastemmoHt  parte  of  the  said  Bay,  to  the  sea.  Alt  which  lines  ore  to 
be  mn  by  maTiing  the  proper  allowance  f<ii  the  variation  of  the  Magnetic  Needle  from 
the  Meridian.  Andfor  the  better  understanding  of  the  description  of  the  lines  before 
mentioned ;  the  Court  hath  caused  the  Boundary  lines  of  the  lands  adj^iient  to  the 
aaid  most  eastern  and  Northeastern  points  of  the  Said  Bay,  to  be  delineated  on  the 
Map  or  Flao  of  the  said  Bay  and  conntrlea  adjacent  now  In  conrt,  and  the  same  are 
distingaished  on  the  eaid  Map  or  Plan,  by  A,  B,  C,  D,  E,  F,  0,  H. 

The  Lord  of  the  Committee  having  considered  the  whole  matter  and  heard  all 
portys  concerned  therein  by  their  Counoil  learned  in  the  Law,  Do  agree  hnmbly  to 
report  to  your  Miyesty  as  their  opinion,  Thit  the  said  Judgment  or  det<;rml nation  of 
the  said  Commissioneis  should  be  affirmed,  and  both  the  Petitions  of  Appeal  thea«- 
from  dismissed. 

His  Maleety  this  day  took  the  said  Beport  into  consideration  and  was  pleased  with 
the  advice  of  the  Privy  Council  to  approve  thereof,  and  tS  order,  that  the  said  Judg- 
ment or  Determination  of  the  said  Conunmissionere,  Be,  and  it  is  hereby  Affirmed  And 
both  the  said  Petitions  of  Appeal  therefrom  dismissed. 

Whereof  the  Governor  or  the  Comuiandet  in  Chief  of  His  U^esty's  Province  of  the 
Maseaohnsetts  Bay,  The  Governor  and  Company  of  the  oolony  of  Bhode  Island  and 
Providence  Plantations  for  the  time  being,  and  all  others  whom  it  may  concern,  are 
to  take  notice  and  govern  themselves  accordingly. 

A  tmo  Copy. 

I  B  LENNABD. 

Colated  with  the  Original  entry  in 

Under  the  foregoing  decree  the  line  was  mn  by  commlBsioners  ap- 
pointed for  the  purpose,  whose  report  was  as  follows,  viz : 

We,  the  enbactibere,  appointed  oommiasionen  by  the  general  assembly  of  the  colony 
aforesaid,  to  mark  out  tho  bounds  of  aaid  colony  eastward  towards  the  province  of 
Massachusetts  Bay,  agreeable  to  His  Majesty's  royal  determination  in  council,  the 
28th  day  of  May,  1746,  did  in  pursuance  thereof,  on  the  second  day  of  December  last 
past,  meet  at  Pawtnokst  Falls,  in  expectation  of  meeting  with  conimissioners  th«a 
might  be  appointed  by  the  province  of  the  Massachusetts  Bay,  for  the  purpose  •fom- 
said ;  and  after  having  there  tarried  till  the  afterpart  of  said  day,  and  no  eomiDi»- 
■loneniin  behalf  of  the  said  province  appearing,  weprooeeded  to  ranadnDnortliliBo 
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from  Pawta«ket  Palla  to  the  Bonth  bonndsry  of  the  &foieBaid  province  of  the  Mmb»- 
ibnaetts  Bay,  in  muineT  folloning,  viz ;  From  a  certain  point  on  the  southern  side  of 
Ftwtitoket  Falls,  where  we  erected  a  monnment  of  atonea,  with  a  stake  thereon,  we  ran 
B  meridian  line  which  directly  passed  throngh  said  falls,  to  a  walnut  tree  on  the  north- 
Bilynde  of  said  lalle;  then  to  a  pitch  pine  tree;  then  to  a  raaall  white  oak;  then  t» 
sgieyoak;  then  to  it  smaU  bubh ;  then  to  another  small  bush  with  etonesabout  it; 
then  to  a  heap  of  stones  with  a  stake  thereon ;  then  tu  a  bluck  oak  tree ;  then  to  an- 
otber  blftofc  oak ;  then  to  a  small  pitch  pine ;  then  to  a  black  oak;  then  to  a  large 
white  oak  Dear  the  river,  called  Abbot's  Bau  ;  then  to  a  poplar  tree ;  then  to  a  heap 
irf  Monee  with  a  stake  thereon ;  then  to  a  large  lock  with  stones  thereon ;  then  to  a 
Bull  black  oak  tree;  then  to  a  walnut  tree;  then  to  a  black  oak;  then  to  divers 
other  marked  trees  in  the  said  conise,  to  the  extremity  of  said  line ;  and  when  we 
came  near  the  termination  of  the  said  line  made  a  monnment  of  stones,  there  being 
no  noted  eonth  boundary  of  the  said  province  near  the  said  lioe,  and  therefore,  for  the 
dlHOvery  of  the  sooth  bonndary  of  the  said  proviuce,  upon  the  best  information  we 
could  obtain,  proceeded  tu  Wrentham  Plain,  at  or  near  to  a  plHce  vihere  was  formerly 
erected  at  stake,  called  Woodward's  and  Saffery's  stake,  as  one  remarkable  aonth 
bonndary  of  the  said  province,  and  from  thence  mn  a  west  line,  making  an  allowance 
of  olght  degrees  and  a  half  as  the  west  variation  of  the  magnetic  needle  &om  thettne 
meridian,  it  being  the  course  of  the  south  line  of  the  said  province,  aooordiugto  their 
ehartor  (aa  we  appreliendod),  and  th«t  -  we  extended  the  said  north  line  from  the 
iforasaid  monnment  tilt  it  intertecteil  the  Kii6  west  line,  and  upon  the  point  of  its 
intetseetion  erected  a  monnment  of  stones  with  a  stake  thereon,  u  the  northeast 
boondary  of  that  tract  of  land  commonly  called  the  Oore. 

AfEur  which  we  proceeded  to  Builook's  Neck,  and  on  the  southeast  comer  thereof 
otcted  a  red  cedar  post,  marked  with  the  letters  J.  H.  C.  B.,  with  the  figure  of  an 
'  anchor  thereon,  and  from  thenoe  running  a  line  northesst  making  the  same  allowance 
for  the  variation  aforesaid,  to  a  black  oak  tree  marked  with  the  letters  O.  C.  C.  B., 
then  to  a  large  white  oak  marked  with  the  letters  0.  B.  C.  B.,  then  to  a  white  oak 
post,  set  in  the  ground  with  aheap  of  stones  around  It,  marked  with  the  letters  O.  W. 
C.B.,  with  the  figure  of  on  anchor  thereon,  l>eiDg  three  miles  distant  from  Bullock's 
Keck  aforesaid. 

liter  which  we  proceeded  tothenortheastemmost  part  of  the  bay  on  the  west  side 
of  Snmatiok  Neck,  and  from  a  point  where  a  loonst  post  was  erected,  run  a  line  three 
miles  northeast,  with  the  name  allowanoe  for  the  variation  and  at  the  extremity  of 
the  said  line  erected  a  monnment  of  atones,  from  which  we  ran  a  line  to  the  northeast 
oxtnmity  of  that  line  drawn  from  the  sonthwest  corner  of  Bollock's  Ifeck  aforesaid, 
the  ooniBe  whereof  being  west  thirty-eight  degrees  north,  according  to  the  magnetic 
needle,  the  distance  of  nine  hnndred  and  fifty-five  rods,  marking  trees  and  making 
other  boundaries  in  the  coarse  of  said  line.  After  which  we  proceeded  to  the  north- 
coiit  comer  of  Bristi)!  Harbour,  and  from  high-water  mark,  which  was  some  rods  dis- 
tant northeaat  from  the  bridge  leading  to  Bwanzey  Ferry,  we  ran  a  line  three  mUea 
northeaat,  still  making  the  same  allowance  fbr  the  variation,  and  at  the  extremity 
Df  nbich  line  wu  erected  a  monnment  of  stones ;  then  we  ran  a  line  from  the  north- 
tatt  eztiemity  of  the  line  drawn  from  Bnmetiok  aforesaid,  the  coqtm  whereof  being 
Math  twenty-five  degrees  east,  till  it  met  with  the  termination  of  the  line  drawn  fh)m 
Bristol  Harbour  aforesaid,  the  distance  whereof  being  nine  hundred  and  twenty-eeven 
nds;  and  from  thence  to  a  straight  line  to  the  bay  at  Towoset  Neck,  making  proper 
boondaries  in  the  course  of  stud  line. 

AiW  which  we  proceeded  to  the  eastern  side  of  the  Narragansett  Bay,  and  on  the 
lateTnmont  part  of  a  cove  in  the  said  bay,  which  is  aonthward  of  Naneqoaohet,  ran  a 
lio'i  three  miles  east  (still  making  the  same  allowance  for  variation),  at  the  extremity 
t'lereof  we  marked  a  grey  oak  tt«e  with  the  letters  C.  B.,  with  the  figure  of  an  uichor 

After  which  we  prooeeded  to  the  mouth  of  Fall  River,  and  fbim  thenoe  meaanred 
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fbnr  hundred  *nd  forty  rods  aontherly  on  the  shore,  aa  the  said  shora  ezi«iidetb  itself 
ttom  the  month  of  said  FttU  River,  and  from  the  point  where  the  said  fanr  hnndred 
and  fort;  lods  reached,  beinft  east  thirty-five  degrees  sonth  of  the  sonthiaminoat  point 
of  Sbaitomet  Neok,  we  ran  a  line  three  miles  east-,  with  the  same  allowanco  for  the 
variation;  in  the  oonrse  whete!<f  vte  marked  divers  trees,  and  came  to  a  large  pond, 
on  the  west  of  which  was  a  amall  oak  between  two  large  rooks,  and  from  thence 
moasnied  over  the  ai^d  pond  to  abnuch  of  maples,  two  whereof  we  marked  with  the 
letters  I  and  F,  standing  on  a  place  called  Bati)h'a  Neck,  being  the  extremity  of  the 
said  three  miles ;  from  thence  we  ran  a  line  south  twenty  degrees  west,  two  thoasand 
one  hundred  and  twenty-three  rods  (making  proper  boundaries  in  said  line],  till  we 
met  the  terminatiOD  of  the  thteo-mile  line,  ran  from  the  cove  southward  of  Kaneqna- 
ohet  aforesaid. 

After  which  we  proceeded  to  a  pluco  called  Church's  Cove,  in  said  bay,  and  ran  a 
line  three  miles  east,  making  th«  sntnu  allowriDce  for  the  variation  aforesaid,  and  at 
the  extremity  whereof,  and  near  the  sea,  we  erected  a  monument  of  stones,  and  tmu 
thenoe  ran  a  line  north  two  d^rees  and  a  quarter  east,  one  tbonsand  and  nine  hnn- 
dred and  forty-one  rods,  till  it  also  met  the  termination  of  the  said  line,  drawn  &om 
the  flnt  mentioned  cove  as  aforesaid,  making  proper  houudaries  in  the  course  of  said 
line. 

•  nie  aforegoinK  is  a  Jnst  account  of  our  proceedings,  and  report  the  same  aoaord- 
higly. 

J.  HONEYMAH,  Jil' 
GEOBGE  WANTOM. 
GIDEON  CORNELL. 
.GEOEOE  BROWN. 

And  It  is  voted  and  reaolved.  That  the  said  i«port  be,  and  it  is  hereby,  aooept«d  by 
this  assembly. 

In  the  year  1748  the  legialatore  of  Bhode  Island  appointed  commis-  - 
sionera  to  continue  the  line  to  the  Connecticut  River,  recognizing  the 
Woodward  and  Saffirey  stake  as  the  place  of  beginniog.  Massachnsetta 
failed  to  appoint  commissioners,  whereupon  the  Rhode  Island  oommis- 
Bioners  proceeded  to  complete  the  running  of  the  line.  In  their  report 
they  say— 

ThtU  w«  not  being  able  to  find  any  stake  or  other  monnment  which  we  oonld  im- 
agine set  up  by  Woodward  aud  SaStej,  but  considering  that  the  place  thereof  wh 
described  in  the  agreement  mentioned  in  our  commission,  by  ceitain  invuiable  marks, 
we  did  piooeed  as  followeth,  namely  .*  We  found  a  place  where  Charles  Biver  fbrmad 
a  large  onrrent  southerly,  whioh  place  is  known  to  many  by  the  name  of  Fappatalish 
Pond,  whioh  we  took  tobe  theaoathommost  part  of  said  river,  from  the  southernmost 
part  of  which  we  measured  three  English  miles  south,  which  three  English  miles  did 
terminal  upon  a  plain  in  a  townehiii  called  Wientham.  (See  Howard's  Beportfl  8.  C, 
vol.  4,  page  63^}. 

From  this  point  they  ran  the  line.  From  this  time  fbrward  repeated 
steps  were  taken  by  Rhode  Island  by  resolntions,  and  by  appointment 
of  commissioners  at  diflFerent  times  to  ascertain  and  run  the  line, 
in  connection  withcominissioners  from  Massachusetts;  commissioners 
i^Di  both  colonies  met  more  tiian  once,  but  they  failed  to  agree  upon  a 
boundary  in  place  of  that  established  under  the  agreements  of  17ll-']8. 
Rhode  Island  alleged  a  mistake  in  her  commissioners,  in  the  place  of 
beginning  {that  is,  on  Wrentham  Pl^n],  as  the  ground  of  these  efforts. 

This  controversy,  however,  embraced  the  entire  line  ftx)m  the  State  of 
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CoDDectiout  to  tbe  Atlaotic  OoeaD.  Haeaachusetts  asserted  titat  aa 
eiKToachment  had  been  made  on  her  territory  fh>m  Burnt  Swamp  Coroer 
to  the  ocean  by  Rhode  Island,  who,  ou  her  part,  claimed  that  the  juris- 
dictional line  of  Hassaohnsetts  from  said  comer  to  the  Gonnectioot  line 
vas,  in  its  whole  extent,  upon  the  territory  of  Bhode  Island.  The  legis- 
latores  of  the  respective  States  having  failed,  after  repeated  effort,  to 
adjoBt  tbe  controversy,  Kbode  Island  in  1832,  by  a  bill  in  equity,  brought 
'  the  subject  of  the  nortbem  boaodary,  f(om  Bamt  Swamp  Oomer  to  the 
Connecticut  line,  before  the  Supreme  Court  of  the  United  States,  whi<A 
iQ  IS4C  decided  that  tbe  jurisdictional  line  claimed  by  Massacbnsetts 
woe  the  legal  boundary  of  the  two  States  betw^n  these  points. 

While  this  salt  was  pending  an  attempt  was  made  to  settle  the  long 
coDtroversy  by  an  amicable  a^ustmeht  of  tbe  whole  line  from  Oonnecti- 
cut  to  the  ocean.  Gomaussioners  were  appoint«d  by  both  States  in  1844 
to  ascertain  and  mark  the  true  boundary  from  Pawtncket  Falls  to  Bul- 
lock's Keck.  In  1S45  the  same  commissioners  were  authorized  to  ascer- 
tain the  Hue  from  Burnt  Swamp  Comer  to  the  Atlantic  Ocean. 

In  1546,  the  eqaity  suit  baling  been  decided,  they  were  authorized 
"  to  erect  suitable  monuments  at  tbe  prominent  angles  of  the  line,  fh)m 
the  Atlantic  Ocean  to  the  northwest  comer  of  Bbode  Island,  and  at  soch 
other  points  ou  tbe  line  as  may  subserve  the  public  coaveolence."  A 
ma^rity  of  said  commissioners  agreed  upon  a  line  and  erected  monu- 
ments in  1847. 

The  report  of  the  joint  commission  was  dated  Boston,  January  13, 
1848. 

The  line  so  agreed  npon  as  a  boundary  between  Burnt  Swamp  Comer 
and  tbe  aorthwest  corner  of  Bbode  Island  was  a  straight  line,  varying 
a  little  from  tbe  irregalar  jurisdictional  line  established  by  tbe  decision 
of  the  Supreme  Court,  and  is  described  in  the  joint  report  of  themajoritrf 
of  the  commissioners  of  January,  1848,  as  follows,  viz: 

Begin  %t  the  northweit  oonieT  of  Rhode  lalaDil,  on  Conneotiont  line,  in  latitnda  4St^ 
WSy'iiortli,  trad  longitniio  71"  4*  18"  west  of  Gre^nwioh, thence  easterly  ina>tr»ight 
line  21.5Vi  miles  to  Bamt  Siriirop  Corner,  in  Wrentbwu,  being  in  latitnde  43°  01'  08" 
*Dd  longitade  71°  23'  U". 

Upon  this  line  were  placed  twenty-seven  monaments,esoIa8iTeof  that 
at  Bomt  Swamp  Corner. 

The  general  assembly  of  Bbode  Island,  in  May,  1847,  ratified  and 
established  the  line  from  the  ocean  to  tbe  Connecticut  line,  "  to  take 
effect  and  become  binding  whenever  the  said  agreement  and  bonndary 
line  shoold  be  ratified  by  tbe  State  of  Massachusetts."  The  legislatnre 
of  Uassacbusetts  did  not  rati^'  tbe  said  agreement  and  boundary  line, 
bat  proposed  another  joint  commission,  which  was  agreed  to. 

Tbe  attempt  made  by  these  commissioners  to  settle  tbe  line  having 

^led,  Massacbnsetts  commenced  a  bill  in  eqnity  before  the  Supreme 

Court  of  the  United  States  for  an  acljudication  of  the  boundary  line  from 

Burnt  Swamp  Comer  to  the  Atlantic  Ocean. 
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In  1860  both  States  agreed  npoD  a  oonveotlotial  lioe,  and  aabed  that 
a  decree  of  the  United  States  Sopreme  Coart  should  coofirm  the  aaiiie, 
which  prayer  was  Kranted,  and  the  line  was  thns  fiDally  established  by 
a  decree  rendered  in  the  December  term,  1861,  which  is  aa  follows,  viz: 

Begjouiiig  at  Bnrnt  Swamp  Cotuer  (bo  called),  in  Wientbam,  ia  latitnde  4Sf  01'  08" 
north,  longitudo  71°  23'  13"  west  of  Greenwiolk,  being  the  northeaaterl;  comer  of 
Kb  ode  laland. 

Thence  in  a  atraight  line  to  the  center  of  a  stone  monument  in  the  diviaion  line, 
iMtrween  AttleboroaKh  and  Pawtncket,  on  the  easterly  bank  of  the  Blackatone  Kiv^, 
being  in  latitude  41°  63*  36"  north,  longitnde  71°  S3'  U"  west. 

Tbeuoe  easterly,  by  the  northerly  line  of  the  town  of  Pawtncket,  to  a  point  where 
said  line  intersects  the  highest  wat«T  mark  on  the  eBsferly  aide  of  Farmer'a  or  Seven 
llile  Hirer,  which  point  is  shown  on  accompanyiDg  sheet  marked  "A,"  and  designated 
as  "Bonnd  No.  1,"  being  in  latitude  41°  53'  &4"  north,  loogltode  71°  20'  40''  west. 

From  Bonnd  Ko.  1  tbe  line  mns  sontherly,  folluwing  the  blgheat  water  mark  on 
the  easterly  elde  of  Farmer's  or  Seven  Mile  River,  aa  deaignated  in  said  sheet  marked 
"A,"  to  its  Junction  with  the  highest  water  mark  on  tbe  southerly  and  easterly  side  of 
Ten  Mile  River,  at  a  point  designated  as' "  Bonnd  No.  3." 

From  Bonnd  No.  3  tbe  line  rans  sontberly,  following  the  bigbeet  water  mark  on  tlie 
tontberly  and  easterly  aide  of  said  Ten  Mile  Biver,  as  shown  on  aheet  marked  "A,"  to 
a  point  tiesigiiated  as  "Bonnd  No.  13,"  said  last  point  being  at  tbe  most  sonthwly 
t»end  of  Ten  Mile  River  in  said  liue  of  highest  watermark. 

The  line  of  "higheat  water  mark"  as  shown  on  sheet  A  is  defined  byo&ets  at 
right  anglee  to  straight  lines  ahown  on  said  plan  in  blue  Ink,  from  Bonnd  No.  1,  and 
pBsaing  through  points  designated  aa  bonnds  numbered  2  to  13,  inclosive. 

From  Bonnd  No.  l;)  the  line  nina  sontheosterly,  being  a  straight  line  to  the  cent«T 
of  a  stone  pier  in  the  middle  of  Ruonin's  River,  on  the  north  side  of  the  road  leading 
by  Lntb«E's  store. 

Tbenoe  throngh  the  center  or  middle  of  said  Rnnnin's  River  as  the  same  is  at  low 
water  at  a  point  when  snch  line  intersects  the  dividing  line  between  Barrington  and 
Seekonk,  being  in  latitude  41°  46'  28",  longitnde  71°  IV'  23". 

Tbenoe  northeasterly,  following  the  dividing  line  between  Barrington  and  See- 
konk, to  a  point  at  the  northerly  estremity  of  the  dividing  line  between  Barrington 
and  Swanzey,  in  latitnde  41°  3G'  34",  longitude  71"  19'  30".' 

Tbenoe  in  a  straight  line  sontheasterly  to  the  center  of  a  oopper  bolt  in  Elng^i 
Bock,  so  called  and  well  known,  near  an  ancient  monument  on  said  King's  Book,  be- 
ing on  the  west  side  of  the  road  leading  from  Wairen  to  Swaneey.  This  point  ia  in 
latitude  41°  45'  2SP.98,  longitnde  71°  16'  35" .75. 

From  King's  Bock  the  line  follows  the  dividing  line  between  Warren  and  Swanaey 
to  Mount  Hope  Bay,  mnning  in  a  straight  line  sontheasterly  to  a  point  on  the  Birch 
Swamp  Farm,  in  latitnde  41°  45'.  08",  longitude  71°  15'  58".5. 

Thence  in  a  straight  line  to  Mount  Hope  Bay,  passing  tbrongfa  the  center  of  a  copper 
bolt  in  a  bowlder,  in  line  of  extreme  high  water  at  Toweaet,  to  low-water  line  of  said 
bay.     This  bolt  is  in  latitude  41°  42'  45".a7,  longitude  71°  13'  54",70. 

From  Toweset  the  line  runs  aontheosteily,  crossing  Monnt  Hope  Bay,  t«thewesi«rly 
end  of  line  dividing  Fall  Biver  and  Tivetton,  where  Ihe  same  interseots  low-water 
line  of  said  Mount  Hope  Bay. 

Thence  eaHteiIy,following  said  dividing  line  between  FallBiver  and  Tiverton,  pass- 
ing through  tbe  middle  of  a  town  way  on  the  north  side  of  farm  belonging  to  John 
Chose,  and  thrnngh  the  southerly  end  of  Cool'e  Pond,  in  a  line  passing  thmngb  tbe 
middle  of  a  highway,  eight  rods  wide. 

Thence  ranning  southerly  throngh  the  center  of  said  elghl^rod  highway  to  a  poini 
in  line  with  the  stone  wall  on  northerly  side  of  farm  of  Edmnnd  Eat^is.  This  wall  In 
easterly  of  the  Stafford  road  (so  called.) 
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Thenee  numins  easterly  in  line  with  said  wall  to  «  point  in  line  of  Uglmt  wattar 
aiark  on  the  westerly  ahoreof  South  WatappaPcmd,  which  point  isehownon  aooom- 
panying  sheet  marked  "B,''and  deeignated  aa  " Bonnd  A." 

From  Bonnd  A.  the  line  rons  soatheily,  following  the  highest  watet  mark  on 
westerly  side  of  Sonth  Watappa  Pond,  and  of  Bawdy  Pond,  and  of  the  atreams  con- 
DeetJDg  uid  ponde,  as  shown  on  said  sheet  marked  "B,"toa  point  deaigDAted  as 
"Bound  F,"  uld  lastpoint  beingat  the  moat  aontherly  end  ofSawdy  Pond  in  aaid  line 
of  highest  water  mark. 

The  line  of  "higheet  water  maik"  aa  ahown  on  aheet  B  la  defined  by  offsets 
at  right  angles  to  straight  lines  from  Bonnd  A,  and  passing  respeotiTely  throngb 
points  designated  "B"  to  "F,"  inclusive,  and  on  the  Sonth  Watnppa  Fond  ts  also 
ihe  line  that  wonld  be  traced  by  a  level  thirteen  inchea  above  a  bolt  in  stone  work 
<ni  westerly  aide  of  waterway  in  gate-bonae  of  reaerrOfT  dam  of  Watnppa  Keeerroir 
Company,  Qneqaechan  Biver.  On  Sawdy  Fond  the  highest  water  mark  is  the  line 
tliat  wonld  be  traced  by  the  level  of  an  iron  bolt  driven  In  west  side  of  flnme  to  saw- 
milt  at  northerly  end  of  said  Sawdy  Pond. 

From  Bonnd  F  the  line  mns  sontheasterly,  being  a  straight  line  to  the  monu- 
ment known,  as  "Joe  Sanfbrd'a  bound,"  being  the  cenler  of  a  CQpp«rbolt  in  stone  on 
l«nd  of  Joseph  Tripp,  and  ia  in  latitude  41°  35'  37"  longitude  Tl'>  08'  13". 

From  Joe  Baofbrd'a  Ixmndthe  line  mnB  sonfherly,  following  the  westerly  line  of  the 
tawnof  Westport  to  the  Atlantic  Ocean,  passing  easterly  of  Qnickaand  Pond  throng 
ttw  center  of  a  bonnd  known  as  Peaked  Bock,  aitnated  in  latitude  41°  29*  &8",  longi- 
tnde  71°  07'  34". 

liia  flrat  point  in  this  line  southerly  of  Sanford's  bound  ia  on  the  north  aide  of  mlll- 
djun  at  Adamsville,  8S.5efeet  easterly  of  straight  line  from  Sanford'a  to  Peaked  Book. 

The  second  is  113.04  feet  easterly  of  said  straight  line,  and  ia  on  the  easterly  side  of 
road  leading  bom  Adamsville  to  the  oooao. 

Hie  third  is  234.48  feet  east  of  said  straight  line,  ou  the  road  leading  to  Little  Comp- 
km,  by  Philip  Simmons'  hoose,  . 

The  whole  of  the  Hoe  thna  described  ia  shown  on  a  plan  herewith  presented,  which, 
with  0ket«hca  A  andB,  ia  made  apart  of  this  report  and  attested. 

It  will  be  obBerred  that  the  above  decree  of  the  United  States  Sa- 
pmrne  Ooart  makee  no  reference  to  the  line  from  Bantt  Swamp  Corner 
to  the  Gonnecticnt  line. 

It  will  also  be  remembered  {vide  p.  55)  that  the  "line  of  1848,"  so 
eaUed,  was  ratified  by  Bhode  Island  and  ngected  by  Massaohnsetts. 
In  1865  the  legialatore  of  Maasachnaetts  took  action  in  regard  to  this 
portion  of  the  line,  as  follows,  viz : 

SmobM^  That  the  boundary  line  between  the  State  of  Bhode  Island  and  the  Com- 
monwealth of  HassachuBetts,  from  the  line  of  the  State  of  Conneotient  to  Bnrnt 
Swamp  Comeo',  tiegins  at  the  northwest  comer  of  the  State  of  Bhode  Island  on  the 
OnuMitlent  line,  in  latitude  iSfi  W  39"  north,  and  longitude  74°  48'  18"  west  of  Oreen- 
widi,'  and  mns  In  a  etmight  line  SI  add  fifAi  miles  t«  Burnt  Swamp  Comer,  in 
Wnnlham,  being  in  latitude  43°  1'  8"  and  longitude  71^  23'  13", 

TtuB  10  the  line  agreecl  apon  by  the  commissioners,  called  the  "  line 
of  1848,"  ratified  at  the  time  by  Bhode  Island,  hot  ngjected  by  Massa- 
chasetta. 

l%e  tardy  ratification  of  the  line  by  Massachasetts  was,  in  its  turn, 

■TUsbaoIeiloal  error.  "Longitude  740  46' 18" "should  read  "lcnigltnde7I'>4S' 
VSr."    <FMtBordett'sTable8,p.64). 
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i^ected  by  Bhode  Inland,  od  the  gronud  tbat  the  theo  recent  settle- 
roeot  of  the  6a8t«ni  boondary  by  the  decree  of  the  Sapreme  Court  had 
BO  changed  the  aspect  of  the  controversy  that  she  could  not  ooDseut  to 
the  adoption  of  the  line  of  1848  aa  her  northern  boundary. 

Thus  the  Dortbern  boundary  of  Bhode  Island  was  left  in  abeyance, 
or  rather  left  in  the  condition  presoribed  by  the  declBion  of  1846. 

Id  Jane,  1880,  tbe  legislature  of  Ilho<le  Island  passed  a  rcsolntion  to 
lemove  the  mounments  of  the  "line  otism"  and  erect  monuments  on 
thejurisdiotional  line. 

In  1881  tbe  legislature  of  Massachnsetts  took  like  action. 

This  jurisdictional  line  hag  the  same  termini  as  the  lino  of  1848,  but 
is  a  very  irregular  line,  sometimes  running  north  of  a  direct  line  and 
sometimes  falling  sonth  of  it  [the  extreme  variations  being  529.3  feet 
north  of  the  Hue  of  1848,  and  129  feet  south  of  the  same.]  A  full  and  de- 
tailed descriptiou  may  be  foand  in  Bhode  Island  acts,  May,  1867,  p.  6 
etaeq. 

Also,  viae  Senate  Docnment  Ko.  14,  Massaobusetts,  1848,  for  a  full 
account  of  this  controversy. 

In  1713,  commissioDers  from  tbe  Province  of  Massachusetts  Bay  and 
Colony  of  Conuecticnt  settled  a  line  between  Massachosetts  and  Con- 
necticat. 

By  this  line  certain  northeru  frontier  towns  were  given  to  Massacha- 
setts,  viz:  Woodstock,  Suflleld,  Enfield,  and  Somers.  In  1749  the  leg- 
islature of  Connecticnt  passed  a  resolution  that,  inasmuch  as  the  tine 
had  not  been  approved  by  tbe  King,  and  tbat  the  two  colonies  bad  no 
legal  right  to  transfer  territory  witbout  tbe  confirmation  of  the  Grown, 
tbe  contract  was  void,  and  these  towns  were  again  taken  under  thei 
jurisdiction  of  Oonneoticut.  Maaaaohusetts  appealed  to  tbe  King,  and 
the  claims  of  Connecticut  wnre  fully  established.  (See  Hoilister's  His- 
tory of  Conuecticnt,  Vol.  II.) 

In  1791  Massaobusetts  and  Couneeticut  appointed  oommisstouers  to 
establish  the  boundary  between  tbem,  but  they  were  unable  to  agree. 

Id  1803  commissioaers  were  Appointed  to  complete  the  line,  a  com- 
promise having  been  made  concerning  tbe  line  between  the  town  of 
Southwick  and  the  towns  of  Suffield  and  Q-rauby  (tbe  cause  of  the  dia- 
agreement  of  the  former  commissioners). 

The  agreement  made  was  as  follows,  viz : 

Tbat  tbe  liae  ahonld  begin  from  a  station  8  codH  soat.h  of  the  southwest  comer  of 
West  SpTiDgfield,  anil  theoce  mn  weet  to  Ihr  large  poDds,  and  thence  Bonthetl^  by 
thoae  ponds  to  the  ancient  lonth  line  of  Wwtfield,  and  ttmo  tbenoe  on  said  aoDth 
line  to  the  anoient  ionthweat  oorneT  of  Westlield ;  and  ttoni  thenoe  northerly  in  the 
ancient  weet  line  of  Weatfleld  to  the  station  in  eaiil  weet  line  made  by  comniis8ioD«n 
In  the  year  1714,  and  from  thence  to  the  Boathnest  comer  of  GmnTille.  (Hm  Mass. 
Special  Laws.  Vol.  Ill,  page  234.) 

In  1803  the  commissioners  surveyed  and  marked  the  boundary  be- 
tween their  respective  States. 
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Their  retort,  which  waa  adopted,  is  as  follovB,  viz : 

Beginninfr  at  tbe  nortbeftst  comer  of  Suffleld  end  tlie  MmtbeRW  ootdst  i^  West 
Springfleld,  on  the  wmI  bank  of  Cimnectioat  River,  at  a  point  T.'.  Unke  noithwud  of 
tbaoentarof  a  Binall  valley  rDnning  into  Mid  riTer,  uid  point  being  betVMD  a  small 
bnttonnt  tree,  marked  H.C.,  standing  on  ttaeoootb,  and  a  small  ocooked  white  oak, 
■narked  M.,  standing  on  the  nortli,  abo&t  two  feet  distant  ftom  each  other,  and  theL 
nn  north  tSP  45'  west  1  chain  to  a  stone  mtniument  erected  by  na  there;  in  the  same 
flODTse  £S  chains  25  links  to  a  atone  monnmenti  on  the  stage  road  ttoai  Bprioglleld  l« 
Snfileld,  and  said  coarse  eon tioaed  would  pass  two  ftet  north  of  ginlth's  hoase; 
tJMmce  north  820  west  B2  chains  3  links  to  a  stone  monument  on  the  middle  roadfiom 
Boffleld  to  Springfleld;  then  In  the  same  oonrso  13  obainsSO  links  to  a  large  black  <»* 
red  mJc  tiee,  marked  on  the  east  side  C.,  and  on  the  west  sicle  U.,  being  an  unoient 
bound ;  thenoe  north  77°  4'  ^est  134  chains  42  links  to  a  stone  monament  on  tbe  road 
from  Feeding  Hllla  meeUng-honse  to  Snffield ;  thenoe  in  the  some  course  4  ohains  SI 
ImkBtoaptneatamp — anoldmoaoDieat.;  tbenoe  north  79°  48' west  lOS  chains  UO  links 
to  a  atone  monument  on  the  road  from  Weetfleld  to  Snffield,  called  the  back  street; 
tiMooe  north  61°  30*  west  61  chains  iS)  links  to  a  stone  monument  at  an  oldstnmp  and 
■tOD«a,the  ancient  aonthwest  comer  of  West  Springfield ;  thence  soatb  C"  weet  tf 
abains  to  a  stone  monament  in  the  line  mn  by  oommissioneiB  In  1T14 ;  tbence  north 
6&°  west  1C7  ohains  33  links  to  a  stone  monnment  at  the  middle  pond,  22  links  east  of 
kiw-water  mark,  being  at  t^  center  of  a  little  valley  running  into  said  pond ;  tbenoe 
on  the  eaatom  shore  of  aaid  pond,  as  the  same  runs  son therly,  to  a  slaice  way  or  ontlPt 
frosD  aaid  pond  to  the  soath  pond  ;  t  hence  sontberly  on  tbe  east  shore  of  tbeeouthpoml 
aa  die  sune  runs  to  a  stone  monnment  at  high-water  mark  on  the  eoath  comer  of  aaid 
pond,  being  tJiesonth  end  of  the  moat  BOntherly  bay  thereof,  fivm  wMeh  the  point  of 
laitd  beyond  the  bay  on  the  east  sideof  tbe  pond  bears  north  39°  east,  and  the  high  point 
be^rnndtbehayontlieweatsideof  thepondiaiiorth3°30'eiist;  then  soatb  10°20'west 
S4  chains  78  links  to  a  stone  monament  at  tbe  soatheast  corner  of  Sonthwick,  in  the 
ancient  sonth  line  of  Westfield,  fh>n]  which  the  highest  peak  of  Hauatick  Uoantain 
bears  B0ath4SO  30' weqt;  thence  sonth8T°  Slowest  $  chains  86  links  toaheapof  stones 
in  a  hedgp.  being  an  aucient  monument  in  the  south  line  of  Westfield  and  the  nortb- 
■w«at  comer  of  SnfBeld,  adjoining  Oranby;  thence  in  said  ancient  south  line  of  West- 
field  tbe  same  conme  to  a  atone  monament  at  a  white  oak  stnmp,  an  old  monament, 
tke  BOQthweat  comer  of  Sonthwick,  being  174  ohains  3(i  links ;  thence  north  10°  20' 
east  S12  chains  tH  links  to  a  atone  monnment  erected  by  na,  at  a  place  in  the  anoieat 
west  line  of  Weetfleld,  where  eommisaioTiers  in  1714  established  the  monument  called 
the  Crank  monament;  thence  north  82°  17'  west  137  chains  to  a  atone  monument 
erected  by  aa  at  the  east  road  from  Oranby  to  Oranville ;  in  this  coarse,  at  thediatanoe 
of  66  ohains  SO  links  fftm  the  Crank  monament,  wr  passed  between  two  pillaia  of 
•tones  45  links  sonth  of  one  and  13  links  north  of  the  other,  both  aaid  to  bothe'sontb- 
e^iat  corner  of  Oranville;  thenoe  on  tbe  same  course  61  chains  40  links  to  astone  mon- 
nment erected  by  us  on  the  Oranby  tornpike  road;  thence  in  the  same  coarse  44 
chains  to  a  wbite-oak<  tree,  marked  by  commissioners  in  1717,  and  which  we  marked 
U  on  the  north  side  and  C,  1603,  on  tbe^onth  side ;  thence  north  84°  24'  west  5  chains 
13  links  to  a  atone  monament  ereisted  by  ns  on  the  west  road  from  Oranby  to  Gran- 
ville; thence  in  tbe  same  course  200  chaine  37  links  to  a  white  dm  stump  and  etouee 
SB  ihe  weat  bank  of  Talley  Brook,  so-called,  a  monument,  ma<le  by  commisaioners  In 
17IT  in  this  coniKe  three  monnments  are  mentioned  by  aaid  commissioners,  which  we 
do  net  find ;  thenoe  north  85°  7'  west  60  chains  15  links  to  a  atone  monnment  erected 
by  ns  at  a  new  road  near  the  eaat  bank  of  Hubbard  Biver;  tbenoe  the  same  course  2 
ehMDS  to  dry  hemlock  tree  with  stones  abont  it  on  the  weat  aide  of  said  river  near  a 
■Ball  fall  and  a  rock  on  the  east  side  of  said  rirer  stooping  towards  it  more  than  3 

*Oak-tree  boundary  at  Oranville,  marked  in  1717. 
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roda  to  a  monuinwt  onoteA  by  said  former  aommisBioaeTB;  tbeuee  north  BSP  W  west 
109  ohains  35  links  to  ft  atone  moDmnenf  erected  by  ua  od  the  n»d  from  Gi>iiTUlfl  1  a 
Earthuid;  thence  thesiune  oooree  275obaiiia91  link*  to  «  Ivf^  heap  of  stonn  oa  the 
vest  bonk  of  Slocnm  Brook  between  two  hemiook  fovea,  haring  maay.anoient  and 
modern  marks  thereon,  being  a  monomeut  made  by  gald  former  oommiaaionera ;  in  thia 
oourae,  the  oommtmioDers  of  1717  made  mention  of  a  large  hemlock  tree,  and  a  Tory 
large  white-aah  tree  which  we  do  not  find ;  thence  north  81°  SV  weat  93  chains  74 
linka  to  a  atone  monnnient  erected  by  ns  on  the  Beech-bill  Road,  ao-ealled;  thenoe 
in  the  same  oonrae  235  ohi^ns  to  a  stone  toonument  erected  by  na  at  a  heap  of 
atonea  abont  an  elm  tree  atanding  on  the  weat  bank  of  Sandy  Brook,  a  monnment 
made  by  said  former  oommiaaioneia,  n'ho  mentioned  in  their  report  a  monnment  In  thia 
coorae,  whiohwedouotflnd;  thenco  north  62°  11'  west  367  chains  SOlinkato  aetoue 
monnment  erected  by  na  on  the  load  from  Marlborough  to  NoHblk ;  thenoe  aame 
coniae  38  chains  20  linka  to  a  monument  made  by  aaid  former  oommiaaioneia  on  the 
weat  bank  of  Wbitiog  Biver,  near  falls,  being  a  heap  of  flat  atonea  on  a  large  rock ; 
thenoe  north  82°  EK  weat  219  chains  to  a  stone  monument  at  tlie  end  of  Greenwood 
Turnpike  road ;  in  thia  conrse  said  former  commiesionera  marked  two  tieea,  which  we 
do  not  find:  thence  In  the  same  conree  161  chains  75  links  to  a  stone  monomant 
at  the  Bmrell  Boad,  ao-called,  leading  trttta  Canaan  to  Suffleld ;  thenoe  in  the  aame 
eoune  49  cbaina  to  an  elm  tree,  with  atonea  near  it,  on  the  east  bank  of  Honsatonio 
River,  about  six  roda  weat  &om  a  cheatuul  atnmp  and  atonea,  a  monnment  made  by 
aaid  former  oommiaaiouera,  who  alao  marked  a  white  oak  tree  in  this  conree  whieh 
we  not  find;  thence  north  83°  62"  weat  20  oliainaSO  linka  to  a  stone  monnment 
erected  by  ua  at  the  road  leading  from  Sallabiiry  to  Sheffield,  called  Wetany  Boad; 
thence  in  the  same  conrse  119  ohaina  50  links  to  a  stoue  monnment  erected  by  na  at 
the  road  from  Baliabary  to  Sheffield,  near  Ebenezer  Flctcher'a  hoase  ;  thence  on  the 
aame  course  211  chains  35  links  to  a  atone  monnment  erected  by  ns  nt  the  monntain 
rood  from  Salisbury  to  Sheffield  ;  tiience  on  tlie  some  coorae  28  ohaina  4  linka  to  a 
monnment  eatabliahed  by  said  former  commiaaioncrs  at  the  foot  of  the  moDntain, 
being  a  heap  of  stones  on  a  large  ^ok,  SO  linka  long  on  tile  northeasterly  side,  5  feet 
high  on  the  aootlierly  aide,  and  which  we  marked  1803  on  the  aontberly  aide ;  thenoe 
notth  8^  30*  waat  147  ohaina  20  links  to  a  atone  monument  erected  by  ns  on  tlie  road 
fromSaUsbniy  toMonntWaahingbm;  tlienoeon  the  aame  coatae  81  ohaina  80  link^ 
to  a  large  heap  of  atonea,  the  oblong  comer  bonnda,  eo-oalled  between  the  8tat«  of 
Oonneotlont  and  New  Torlc. 

The  conraea  of  aaid  line  OS  before  given,  and  here  by  na  are  according  to  the  present 
■tateofUognetic  needle,  which  we  ob'serred  tovary  5°  weat^f  north.  (See  Private 
Laws  of  Conn.,  vol.  2,  pages  1540  to  1544.) 


Beginning  at  a  point  on  the  west  bank  of^onnecticnt  River,  in  latitude  42°  01' 
6S".10,  longitnde  72°  37'  03".46,  and  running  north  82°  45'  west  23  chains  25  linka; 
thence  north  82°  weat  B5  chains  3.1  links ;  thence  north  77°  \'  west  138  diaina  63 
links;  thenoe  north  79°  46'  weat  102  ehoina  SOlinlu;  thence  north  81°  30'  weat  61 
ohaina  SO  linka ;  thence  ao nth  5°  weat  2  chains-,  thence  north  65°  west  167  chains 33 
linka  to  a  atone  monnment  at  the  middle  pond,  22  links  east  of  low-water  mark,  lat- 
itude 4!^  02'  11",  longitude  72°  45'  45".07 ;  thence  southerly  along  the  eaat  ehoie  of 
■aid  pond,  and  alsoaoath  pond,  to  a  atone  monument  at  high- water  mark,  at  the  south 
earner  of  aaid  sontb  pond ;  thence  aouth  10°  20'  weat  24  chains  78  links  to  a  afana 
monument  at  soutlieaet  comer  of  Soothwlck,  which  ia  in  latitude  42°  00*  11".98;  laa- 

■Bonndary  atone  in  weat  front  of  Qranville. 
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gltad«  ?7>  t&  24".23 ;  theDM  Bonth  87°  SW  west  208  abaina  23  links  to  •  stooe  monu- 
ment at  the  MothwMt  oomer  of  Bonthwick,  which  is  in  latitude  41°  Sff  51".89,  lon- 
gitnde  72°  49'  SS".47 ;  thence  north  10°  StK  east  313  chains  84  links,  to  a  stone  mona- 
ment  at  the  northwest  comer  of  the  Sonthwiok  Jog,  which  ii  in  latitude  42°  02' 
1S".39,  longitude  72°  49'  13".51 ;  thence  north  82°  17'  west  242  chains  40  links  to  a 
white  oak  tree,  marked  by  commisainners  in  1717,  which  is  in  latitude  42°  OS*  15".B4, 
longitnde  TiP  69'  47". 74  ;  thenoe  north  84°  24'  west  <J05  chaius  50  links ;  thence  north 
BS°  r  west  tfi!  chains  15  links ;  tbeuce  north  82°  52*  west  109  cbaios  35  Imke  to  a 
atone  momuneut  in  latitude  42°  02'  17".03,  longitude  72°  5&  22".52 ;  thence  north  esf 
Wf  vest  275  chains  91  links ;  thence  north  81°  45''west  70  chains ;  thence  north  81° 
50'  went  328  chains  74  links  to  a  dtone  monument,  which  is  in  latitude  43°  03'  3I".ll, 
longitude  73°  07'  35".94 ;  thence  north  62°  11'  west  39S  chains  50  links ;  thence  north 
82°  9*  weal  430  chains ;  thenoe  north  82°  (Sf  west  140  chains  to  a  stone  monument 
on  the  road  from  Salisburj  to  SheflSeld,  which  is  in  latitude  42°  02'  58".1I,  longitude 
73°  ar  r)5".27 ;  thence  north  ti2°  52'  west  239  chains  39  links ;  thence  north  86°  30* 
west  239  cbaios  to  the  north^rtst  comer  of  Cotinecticat,  which  is  in  latitude  42°  OS' 
58 '.54,  longitude  73°  30'  06".66. 

According  to  tfae  aarve;  of  the  cessioa  of  Boston  Corners,  hy  Mas8a- 
chDsettB  to  New  York,  in  1855,  the  south  boundary  of  MaBsachaBetts 
from  the  northwest  comer  of  Connecticut  to  the  southwest  corner  of 
Massachusetts  is  as  follows,  viz: 

A  line  running  north  8(K>  08'  4"  west,  40  chains,  hy  the  true  meridian. 
The  TOursea  of  the  line  of  1803  are  magnetic,  with  the  variation  as  at 
that  date:  t.  e.,  5°  west. 

The  latitudes  and  longitudes  in  the  foregoing  are  taken  from  the 
.Borden  Trigonometrical  Surrey  of  Massachusetts  of  1843. 

Ln  1826,  the  hue  between  Massachasetts  and  Connecticut  east  of  the 
Connecticut  River  was  run  by  commissioners  appointed  &om  each  St^te. 
An  abstract  of  the  commissioners'  report  is  here  given  : 

Abstract  of  report  of  commistioners  o/1826. — The  commissioners  first 
made  the  following  survey :  Commencing  at  the  northeast  comer  of 
Connecticnt,  at  a  large  pile  of  stones  erected  by  commissioners  of  1734 ; 
thence  mnning  due  west  on  the  latitude  of  42°  3'  north  to  the  west 
line  of  Woodstock,  1 5  miles  169  rods  15  links.  (This  is  hereafter  referred 
to  as  the  "  first  line  of  latitude.")  Thence  north  3°  west  64  rods  19  links 
to  an  old  pine  ti'ee,  the  reputed  northeast  corner  of  Union ;  thence  dae 
weet  25  miles  168  rods  to  Connecticut  Biver.  (This  line  is  hereinafter 
referred  to  as  the  "  second  line  of  latitude,"  and  the  second  line  of  lati- 
tude is  54  rods  north  of  the  first.)  These  lines  of  latitude  wei-e  compared 
with  the  ancient  survey,  monuments,  evidence,  etc.,  of  the  line  ran  by 
thecommissiouersof  1713j  the  said  lines  of  latitude  were  found  tovai; 
in  mndiy  places  thereft^m.  Therefore,  in  order  to  conform  as  near  as 
possible  to  the  line  of  1713,  the  line  was  run  as  follows,  viz : 

Beginning  at  the  northeast  comer  of  Connecticut  and  rnnning  west 
OB  "  first  line  of  latitude"  1,702  rods  and  4  links  to  the  road  to  the  Merino 
road;  thence  in  a  direct  line  1,372  rods  20  links  to  the  road  leadingftom 
Huddy  Brook,  so  called,  by  Pennel  May's  to  Soatbbridge ;  this  point  is 
21  rods  10  links  north  of  the  "first  tine  of  latitnde":  thence  in  a  direct 
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line  360  rods  6  links  to  tbe  UTOTwich  and  Woodstock  t aropike  (this  point  is 
20  rods  and  5  links  north  of  "  first  line  of  latitude") ;  tbence  in  a  direct 
line  954  rod|  18  links  to  tliu  road  luadiug  from  West  Woodstock  by  Abel 
Mason's  to  Sontfabridge  (tliis  point  is  10  rods  and  22  links  north  of  "first 
line  of  latitude  ") ;  tfapnce  in  a  direct  line  1^47  rods  to  the  road  lead- 
ing Brom  Union  by  Aslier  Bodpen'a  to  Holland  (this  point  is  2  rods  I4J 
links  south  of  "  second  line  of  latitade  ") ;  thence  in  a  direct  lint^  1,127 
rods  to  the  turnpike  from  Qertford  through  Stafford  and  Holland  to 
Worcester  (this  point  is  6  rods  23J  links  south  of  the  "second  line  of 
latitude ") ;  thence  in  a  direct  line  467  rods  to  an  old  whiteM>ak  tree, 
an  ancient  bound,  on  the  road  from  Stafford  by  Robert  Andrus^  to 
Sonth  Brimficld(thiB  point  is  1  rod  2  links  south  of '*  second  line  of  lati- 
tude*'] }  tbence  in  a  direct  line  of  1,G15  rtufk  to  the  rosd  leading  from 
Stafford  by  Henry  (Jady's  to  Moiibou  (this  point  is  16  rods  16  links 
sonth  of  "  second  line  of  latitude)";  thence  in  a  direct  line  256  rods  to 
the  Tracy  road  (tims  point  is  12  rods  12  links  south  of  "second  line  €»f 
latitude)";  thence  in  a  direct  line  (120  rods  to  tbe  road  leading  from  Staf- 
ford by  Seth  Sheldon's  to  South  Wilbrabain  (this  point  is  14  rods  7 
links  south  of  "  second  tine  of  latitude");  tbence  in  a  direct  line  1,066 
rods  to  the  road  from  Somer's  by  Walter  Ainsworth's  to  Springfield 
(this  point  is  i  rods  1  link  nortk  of  "second  line  of  latitude");  tbeooo 
in  a  direct  line  523  i-ods  to  the  road  l^m  Somei-'e  by  Abel  Peaa'a  to 
Springfield  (this  [wint  is  6  rods  12  links  sontb  of  tbe  '■  second  lino  of 
latitude");  ibeneedw  wm(  O45.rods  to  tbe  ancient  line  between  Spring- 
field (now  Long  Meadow)  and  Enfield  ;  thence  touth  80°  30*  watt  by  the 
true  meridian  645  rods  to  a  mouuraeiit  at  an  old  oak  stump;  thence 
touth  51'^  30'  tceit  by  tbe  true  meritliau  164  rods  16  links  to  a  monument 
at  an  old  pine  stump ;  tbence  due  tcest  34i>  rods  15  links  to  a  monument 
on  the  Connecticut  Eiver  12  rods  from  tbe  shore;  thence  due  west 
to  Connecticut  River.  On  the  line  aj-e  erected  49  moDoment  stones, 
marked  un  the  north  side  M  and  on  the  south  side  C. 

The  commissioners  also  surveyed  and  marked  tbe  line  from  tiie  the 
comer  of  Connecticut  to  the  corner  of  Rhode  Island,  reporting  us  fol- 
lows : 

Beginning  at  the  monument  erected  at  the  nortbeut  oorner  of  said  State  of  Con- 
neotioDt  und  mnniog  Id  a  direct  liae  to  tbe  sucient  beap  uf  stones  on  the  nortli  side 
of  tbe  tnmpike  leading  from  Hertford  to  Boston  tbroQgL  Thompson  and  DonglMs, 
irbete  we  erected  a  monnment,  and  tbence  nmning  in  a  direct  li^o  to  tbe  nortbvreKt 
comer  of  the  State  of  Bbode  Island. 

(For  surrey  of  1826,  see  Private  Laws  of  Conn.,  roj.  2,  pages  1544  to 
1650.) 

The  boundary  between  Massachusetts  and  New  York  at  an  early 
period  became  a  snbjeot  of  bitter  dispute,  New  York  claiming  to  the 
weet  bank  of  the  Connecticnt  Biver  under  the  charters  of  1664  and  1674 
to  the  Duke  of  York,  Massachusetts  claiming  under  her  old  ofaaiters  to 
the  South  Sea.  Af^  many  fruitless  attempts  at  a  settlement,  tm  ar> 
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raDgement  vas  entered  into  in  1773  6xl&g  tbe  western  boundary  of 
Uassachnsetta  where  it  meets  New  York  territory.  The  Eevolntion  fol- 
lowioK  soon  after,  tbe  line  was  not  mn.  In  1785  Gongrees  appointed 
three  commissioners  to  ron  tbe  line,  who  performed  that  daty  in  1787. 
The  line  was  as  follows,  viz : 

BegtnuiDg  at »  monnment  ei«cted  In  1731  by  comir:is^oneTB  from  ConuMilicut  and 
Vbit  Tock,  dlatAnt  ftom  the  Hudson  Eiver  20  miles,  koA  naming  north  1&°  12'  9",  east 
HI  miles  41  obwns  and  79  links,  to  a  red  or  black  oak  tree  marked  by  said  nommisBiaiien, 
which  Bftid  line  was  inu  as  the  magnetic  needle  pointed  in  1TU7.  ( Fid«  Bevised  Stat- 
atas  of  Nev  York,  1B7G,  p.  122.) 

The  claims  of  Massao^uBetts  to  western  lands  were  fint^y  settled 
Decembw  16,  1786,  by  a  joint  commissioa  of  the  two  States.  By  this 
agreement  Massachusetts  enrrendered  the  sovereignty  of  the  whole  dis- 
pnted  territory  to  New  York,  and  received  in  return  the  right  of  soil 
and  pre-emption  right  of  Indian  purchase  west  of  the  meridian  passing 
throngb  the  eighty-second  mile-etoue  of  the  Pennsylvania  line,  except- 
log  certain  reservations  upon  Niagara  Biver.  The  title  to  a  tract  known 
M"  The  Boston  Ten  Towns,"  lying  east  of  this  meridian,  previonsly 
granted  by  Massaohnsetts,  was  also  confirmed.  ( Ftde  Hongh's  N.  Y. 
Gaz.,  1872,  pp.  25,  26.) 

April  19, 1786,  Maasachnsetts  executed  a  deed  to  tbe  United  States. 
It  indnded  all  title  of  the  Stat«  of  Massachusetts  to  territory  west  of 
tbe  ureeent  western  bonndary  of  New  York. 

In  1820  Maine,  hitherto  a  part  of  Massachusetts,  was  admitted  into 
the  Union  as  an  independent  State.    ^ 

In  1853  a  small  portion  of  territory  in  the  sonthwestem  comer  of 
Uassachnsetts,  known  as  Boston  Comer,  was  ceded  to  New  York,  and 
the  cession  confirmed  by  Congress  in  1856- 

The  cession  of  Boston  Comer  to  New  York  changes  tbe  bonndary,  so 
that  it  is  now  as  follows,  viz : 

Beginning  at  a  monument  erected  in  1731  by  commissioners  from  Con- 
uecticnt  and  New  York  (known  as  tbe  Connecticut  monnment),  stand- 
mg  in  the  south  bonndary  of  Massachusetts,  latitude  12<^  02'  68" .51, 
longitude  73°  30'  06".66,  which  is  tbe  uorthwest  corner  of  the  State  of 
Connecticut;  thence  along  the  south  boundary  of  Massachusetts,  north 
^o  OS'  41"  west,  40  chains ;  thence  north  12°  57'  16"  west  207.49* 
chains  to  a  marble  post  marked  on  the  east  side  M.  S.,  on  the  west  side 
N.  Y.,  and  on  the  south  side  1853,  which  is  in  the  line  run  by  United 
States  commissioners  in  1787 ;  thence  north  15°  12*  9"  east  on  the  line 
mn  by  said  United  States  commissioners  {*47  miles  73.70°  chains)  to 
a  red  or  black  oafc  tree  marked  by  said  United  States  commission- 
ers, in  tbe  Moath  boundary  of  tbe  State  of  Vermont,  latitude  42°  44' 

*Thi*  distance  has  been  obtained  by  snbtractiDK  the  length  of  the  nreatline  of  Boe- 
lOD  Cocoer  giTBU  in  surrey  of  1853  from  tbe  entire  leogthof  west  tMnndary  of  Mass»- 
ehnaetta  as  giren  b;  the  United  States  commissioners  in  17ST. 
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45".58,  longitnde  73°  16*  17".«8.  [See  EeTiaed  Statutes  of  New  Tork, 
1875,  page  122 ;  also  plat  of  sarvey  of  Boston  Gorner  in  lSd3,  a  copy  of 
wbicli  is  on  file  in  office  of  clerk  of  Honae  of'  Representatives  at  Wash- 
ington, D.  C. ;  also,  for  latitudes  and  lougitndes,  see  tables  of  Borden's 
Survey  of  MassaclitiBettB,  1S43.] 
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RBODB  laLAND. 

The  preeent  State  of  Bliode  Island  was  settled  by  Roger  Williams 
and  other  immigranta,  who  left  Massacboaetts.  Bi^  and  established 
themselves  at  Providence  in  1636. 

In  1643  a  patent  was  granted  for  the  Providenoe  Plantation,  from 
which  the  following  are  extracts,  viz: 

&Dd  vbena  th«i«  ia  a  tract  of  land  in  the  continent  of  Ajaerioa  aforeiidd,  oalled  by 
ibe  name  of  the  NairaganaBt  Bay,  bordering  northward  and  noitbeaat  on  tbe  patent  of 
tbe  HasaachoMtta,  east  and  aontheast  on  Flfmonth  patent,  aonth  on  the  ocean,  and  on 
tbe  v««t  and  uortbweet  b;  the  Indians  called  If  atigganueockB,  aliaa  NarraganBets,  tbe 
whole  tract  extending  aboat  25  Enxlieb  miles  unto  tbe  PeqnotHiver  and  conntry;  and 
Khens  diren  English  inhabitanta  of  the  towns  of  PioTidenoe,  Portamonth,  and 
Kewport,  Id  tbe  tract  aforesaid,  •  ■  •  have  represented  their  desire,  •  •  •  we 
*  ■  ■  do  '  *  '  gi^e,  grant,  and  oosflnn  to  tbe  aforeaaid  Inhabitaata  of  tbe 
towssof  PtoTidenoe,  Poitamooth,  and  Newport  aflrm  and  absolute  charter  of  inooi- 
poratioo.tobeknown  bf  tbenameortbeineorporation  of  Piovidenoe  Plantations,  in 
the  MairaKanset  Bay,  in  New  England.    ■    *    ■ 

Id  1663  Charles  II  granted  a  charter  to  Rhode  Island  and  Providence 
PlaotationB,  of  which  the  following  is  an  extract : 

*  *  *  "Alltbatparteof  onrdominlones  in  New-Enf[land,iu  America,  coateyneing 
the  Nahantick  and  Narragaasett  Bay,  and  coDOtryes  and  partes  adjacent,  boanded  on 
tbe  west,  or  westerly,  to  the  middle  or  channel  of  a  rivtir  there,  commonly  called  and 
faiown  by  tbe  jiame  of  Pawcatnck,  alias  Pawcawtuok  river,  and  soe  along  tbe  sayd 
liTBi,  as  the  gr«ater  or  middle  streame  thereof  reacbetb  or  lyes  npp  into  tbe  north 
Mmnttye,  northward,  nnto  the  bead  thereof,  and  frota  thenoe,  by  a  etrelgbt  lyne 
dnwn dne  nortb  nntill  itt  meets  with  the  south  lyneof  the  MBssachasetts  Collony; 
and  on  the  north,  or  northerly,  by  tbe  aforesayd  sooth  or  southerly  lyne  of  the  Haasa- 
cbnsetts  Collony  or  Plantation,  and  extending  towards  the  east,  or  eaatwardlj,  tbree 
FngliA  miles  to  tbe  east  and  north-east  of  tbe  most  eastern  and  north-eastern  parte 
or  the  aforesayd  Narragansett  Bay,  as  the  sayd  bay  lyetb  or  extendeth  itself  from  the 
ocean  on  the  sontb,  or  southwardly,  tmto  the  month  of  the  river  which  runneth  to- 
wsids  tbe  towne  of  ProTidenoe,  and  from  tbenoe  along  the  eastwardly  side  or  banke 
of  the  layd  river  (higher  called  by  the  nameof8eacnnckriTer},np  to  tbe  Ihlls  called 
Patockett  Sails,  being  the  most  westwardly  lyne  of  PlymonCb  Collony,  and  eoe  &am 
the  nyd  Sails,  in  a  streight  lyne,  due  north,  aatill  itt  meet  with  tbe  aforesayd  line 
of  the  UassacbnsettB  Collony ;  and  bounded  on  the  south  by  the  ooesn."  And  in  par- 
ttcnlar,  tbe  lands  belonging  te  the  totmes  of  Providence,  Pawtuxet,  Worwioke,  Nos- 
qaammack.  alias  Pawcatnck,  and  the  rest  upon  the  main  land  in  the  tract  aforesayd 
together  with  Bhode  Island,  Blocke  Island,  and  all  tbe  rest  of  the  islauds  and  banks 
in  the  Narragansett  Bay  and  bordering  npon  tbe  coast  of  tbe  tracts  aforesaid  (Fflsh- 
en  Idaad  only  excepted).    >    •    • 

(For  history  of  the  northern  and  eastern  bonndaries  see  Massa- 
chnsetts,  p.  48.) 

In  1703  substantially  the  present  western  boundary  was  settled  by 

an  agreement  made  between  the  commisaioners  from  the  two  colonies 

of  Sbode  Island  and  Oonnecticat,  viz:  "A  straight  line  from  the  month 
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of  Aebawoga  Biver  to  tite  eoatlivest  corner  of  the  Wanrick  porcbaae, 
and  thence  a  straight  uoith  line  to  MaBaachasetts. 

The  line  of  1703  was  actual!;  ran  by  Rhode  Island,  and  is  still  known 
as  the  Dexter  and  Hopkins  line. 

The  two  colonies  disagreeing,  Bhode  Island  appealed  to  the  King, 
and  the  agreement  of  1703  was  finally  established  in  1726. 

In  September,  1728,  commissioners  from  the  two  colonies  met  and 
ran  the  line. 

(For  agreement  of  1703  and  1728,  decisions  of  English  coondl,  etc, 
see  B.  I.  Hist  Soc.  CM.,  Vol.  III.) 

In  1839  commissioners  were  appointed  by  Bhode  Island  and  Gonneoti- 
cat  to  Borrey  and  ascertain  the  line  and  erect  monuments. 

The  following  line  was  established,  viz: 

Be^nnlng  at  a  rock  near  (be  moatli  of  Aabawogn  Biver,  where  It  empties  into 
Pawcatuck  BiTer,  and  Ihitii  said  rook  a  Btralght  coarse  northerly  to  an  ancieat  stone 
heap  at  the  sontheast  comer  of  the  town  of  Vol  on  town,  and  from  bald  rock  soatherl^ 
Id  the  same  conrw  with  the  aforesaid  line,  nntll  it  strikes  Pawcatnck  Eiver.  From 
tli«  sontbeaat  oomer  of  Toluntown  a  straight  line  to  a  stone  heap  at  the  southwest 
comer  of  West  Greenwicb;  Ih>m  thence  a  straight  line  to  the  sooth  west  comer  of  the 
anoient  town  of  Warwick,  and  which  is  now  a  comer  of  the  towns  of  CoTentiy  and 
West  Greenwich ;  from  tfaence  a  straight  line  to  the  northwest  corner  of  the  town  of 
CoTentif ;  thence  a  straight  line  to  the  northeast  comer  of  Sterling;  thence  a  straight 
line  to  the  sonthwest  oomer  of  BnrrlllTllle,  and  thenoe  a  straight  line  to  a  stone  heap 
Qpon  a  bill  in  the  present  Jarisdlotional  line  between  the  States  of  Hassaehnaetta 
and  Bhode  Island,  and  at  all  of  said  oomere,  excepting  said  Warwick  conwr,  we 
have  erected  monnmenta  of  st«ne,  marked  B.  I.  and  C,  and  have  also  ^laoed  similar 
mannioents  on  all  the  principal  roads  crossing  the  line,  and  at  other  suitable  places. 

And  we  have  caused  the  ancient  monument  which  was  erected  at  the  Warwick  cor- 
ner in  November,  1749,  to  be  reset  and  a  large  heap  of  stones  to  be  made  aronnd  it. 
Said  monument  is  marked  with  the  letter  C.  on  one  aide,  and  on  the  other  BHODE. 
ISLAND  and  the  traces  of  other  letters  and  flgnres,  [Extract  from  Commiasion- 
ei'sBepoTt.    See  B.  I.  Acta  and  Besolves,  Jon.  1B46,  pages  IS,  13,  14.] 

The  above  was  ratified  in  1846. 


CONNECTICUT. 

The  title  by  whii^  the  people  of  Gonneclicat  held  the  country  was 
founded  on  the  old  patent  granted  by  Bobert,  Earl  of  Warwick,  in 
1631,  to  Lord  Say  and  Seal,  Lord  Brook,  Sir  Bicbard  Saltonstall,  and 
others,  associated  under  the  name  of  the  Plymouth  Company. 

In  1630  the  Plymouth  Conncil  made  a  grant  of  Connecticut  to  the 
Barl  of  Warwick,  their  president  This  was  conflrme*by  King  Charles 
in  1631,  and  on  the  19th  of  March,  in  the  same  year,  the  Earl  conveyed 
his  title  to  the  Plymouth  Company,  as  before  stated.  (Dwight^  Conn., 
p.  19,  et  teq.) 
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Acbarter  was  granted  by  OharleB  II  toOoiineotiootinl662f(tf  which 
Uie  following  is  an  eztzact,  viz ; 

We  *  *  *  do  give,  gnnt  Hid  oonflnn  nnto  the  Mtid  Oorccnor  and  Compwiy,  Mid 
their  noooBOiB,  all  that  put  of  onr  Dominiona  in  New  Engluid  in  America  bounded 
OD  the  Ba>t  by  Nturagaiuet  BlTer,  oommonl;  oftUed  Nemguuet  Bay,  where  the  aaid 
rirer  fUleth  into  the  tea,  and  on  the  north  by  the  line  of  the  MaMachnaette  planta- 
tion ;  and  on  the  loatfa  by  the  aea  ;  and  longitude  as  the  line  of  the  HaaBabhOBetta 
Cohmy,  running  ftom  eaat  to  weat,  that  Is  to  aay,  from  the  aaid  Nanaganwtt  Bay  on 
theaait,  tothaaoathMaontheweatpait,  witbtheiaUndatbennntoatllaiiiliig-    '   * 

[C.  and  C,  p.  256-70 

PreTiooB  to  this  time  the  two  colonies  of  Ckmoeoticnt  and  JSev  Haven 
had  eoQtinned  separate,  bat  nnder  tbib  charts  they  were  nnited  and 
Hm  diaiter  was  aocepted  April  20, 1666.    (0.  and  0.,  p.  262.) 

The  Bake  of  York  baving  been  granted  a  charter  in  1664,  by  which 
the  limds  west  of  the  Gonnecticat  Siver  were  embraced  in  bis  jarisdlc- 
ticHi,  the  queetioD  of  boandary  immediately  arose. 

Ab«ait  thia  time  OoL  Biobard  Ifichols,  Oeoi^  Oartwright,  esq.,  Sir 
Bobert  Our,  and  Samnel  Uaverich,  esq.,  had  been  appointed  commis- 
sioners by  the  King,  and  clothed  with  extraordinary  powers,  to  determine 
all  controversies  in  the  colonies.  The  matt«r  was  referred  to  them,  who, 
after  a  foil  hearing,  determined  that  the  sonthem  boandary  of  Oonnect- 
icat  was  the  sea  (Long  Island  Sonnd),  and  its  western,  Mamaroneok 
Kver,  and  a  line  drawn  nortb-northweat  trom  the  head  of  salt  water  in 
it  to  HaBsachnsetts.  The  territory  eonth  and  west  of  these  lines  was 
declared  to  belong  to  the  Dnke  of  York.  ( Vide  Dwight'a  Gonnecticnt, 
pp.  169  et  »eq.) 

This  decision,  in  effect,  decided  npon  a  line  20  miles  east  of  the  Hnd- 
son  Biver  as  tbe  boundary,  having  fbr  a  starting  point  a  place  on  Ma- 
manmeck  Biver. 

In  l&ii  the  Duke  of  York  received  a  new  charter  in  substantially  tbe 
Bune  terms  as  that  of  1664.  Kew  controversies  conceming  jorisdiction 
led  to  a  new  agreement,  by  which  it  was  stipulated  that  a  tract  of  land 
<»  Long  Island  Sonnd,  tbe  bounds  of  w^icb  were  described  as  con- 
taining  61,440  acres,  sboald  be  permanently  set  off  to  Connecticut  by 
Kew  York  on  condition  that  the  former,  in  exchange,  should  set  off  to 
New  Tork  a  territory  of  like  extent  and  of  uniform  width  from  tbe  tract 
on  the  Sound  to  the  south  Une  of  Massachusetts.  This  agreement  was 
■auctioned  by  a  royal  ordinance  of  the  King,  and  in  1684  the  tract  on 
the  Sound  was  surveyed  and  set  off  to  Connecticut. 

Tita  western  boandary  of  Oonnecticnt  was  ran  in  1686  by  Major 
Gould,  Mr.  Barr,  and  Mr.  Selleck,  and  ratified  by  both  parties.  .( Tide 
Dwight'a  Conneifcnt,  p.  199.) 

For  varions  reasons  the  survey  of  the  equivalent  lands  was  not  made 
at  that  time. 

In  1726  commissioners  were  appointed  on  both  sides  to  fix  the  line, 
(523) 
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this  beiog  the  fifth  set  appointed  for  the  same  pnrpoae,  none  of  which 
had  been  able  to  come  to  an  agxeement. 

Tbe  commiesionera  of  1725,  however,  entered  into  arttcleB  (rf  agree- 
ment settling  tbe  manner  of  tbe  sarrey.  Tbey,  boverer,  ran  OD!y  tlie 
line  Ixianding  tbe  tract  on  Long  Island  Sound. 

For  some  cause  action  was  then  suspended,  until  1731,  wbOD  tbe  com- 
miBsioners  of  1725  surveyed  and  set  off  the  oblong  or  equivalent  terri- 
tory  to  New  York,  defining  and  marking  its  boundary,  which  was  to 
remain  forever  the  dividing  line  between  tbe  respective  States  (then 
colonies).  The  line  was  substantially  as  at  present,  and  is  aa  follows, 
viz: 

Beginning  &t  Lyon's  Point,  In  tbe  month  of  a  biook  or  rivet  called  Bjnun's 
Biver,  irhere  tt  fiUs  into  LoDg  Iduid  Sound,  «nd  ninning  thence  np  ftlong  said 
TiTei  to  a  rook  at.  the  aoeient  road  or  wading-pUoe  in  aaid  river,  irliiclk  rook  bean 
north  twelve  degreee  and  A>rtf-Bve  minotM  e«*t,  five  lraiidi«d  and  fifty  rods  from 
said  point ;  then  north  twenty-three  degrees  and  forty-five  mlnntes  wtst,  two  thou- 
sand two  hundred  andninety-tworods;  iheo  eset- northeast,  thirteen  miles  andaixty- 
fooi  rods,  which  lines  were  eetabUshed  In  tbe  year  one  thousaod  sevea  hni^dred  and 
twenty-five,  by  Francis  Harriaon,  Cadwaller  Colden,  and  Isaac  Hicks,  oommiasionars 
QO  the  part  of  tbe  then  pmviiLoe  of  New  Tork,  and  Jonathan  Law,  Sainnel  Eelli^ 
Bogrr  Waloott,  Jobn  Copp,  and  Edmnnd  Lewis,  oomminioners  on  the  part  of  the 
then  colony  of  Conneoticnt,  and  were  mn  as  the  magnetic  needle  then  pointed;  then 
along  an  eaat-northeaat  oontinnation  of  the  last-mentioned  course,  one  mile,  three- 
qnarters  of  a  mite,  and  twenty-one  rods,  to  a  monament  erected  in  the  year  one 
thousand  seven  bnudred  and  thirty-one  by  Cadwaller  Colden,  Gilbert  Willett,  Tin- 
cent  Matthews,  and  Jacobus  Bmyu,  Jr.,  eommlsaioners  on  tbe  part  of  said  province, 
and  Samnel  Eells,  Boger  Waloott,  and  Edmnnd  Lewis,  oommissioiieTB  on  tbe  part  of 
•aid  colony,  wUoh  said  monnment  is  at  tlie  southeast  comer  of  a  tract  known  and 
distingnished  as  the  oblong  or  eqaivalent  lands ;  then  nortli  twenty-fbnr  degi«eB  and 
tliirty  minntee  west,  antil  interacted  by  a  line '  run  hy  said  last-mentioned  commla- 
donen,  on  a  conrse  eonth  twelve  degrees  and  thirty  minnt«s  weat,  from  a  monnment 
erected  by  them  in  the  sonth  bonnds  of  Hassaobnsetts,  whieb  monnment  stands  in  a 
valley  in  the  Taghksniok  Mountains,  one  houdred  and  twentrf-one  rods  eastward  from 
a  heap  of  stones  in  said  bonnds,  on  the  top  or  ridge  of  the  most  westerly  of  said 
mountains;  then  north  twelve  degrees  and  thirty  minutes  east  from  a  monomODt 
erected  by  said  last- mentioned  commissioners  at  said  place  of  intersection,  and  stand- 
ing on  the  north  aide  of  a  hlU,  sontheasterly  from  the  easternmost  end  of  the  long 
pcmd,  along  tbe  aforesaid  line  to  tbe  aforesaid  monnment  erected  in  the  eonth  bonnda 
of  Massachusetts — being  tlie  northeast  comer  of  the  oblong.  (See  Bevised  fitatatea 
of  K.  T.,  1881,  Vol.  I,  pages  128-9.) 

For  more  than  a  century  no  controversy  arose,  but  subsequect  to  1860 
questions  of  jurisdiction  were  raised,  and  in  1855  Uonnectiout  made  a 
proposition  for  a  new  sarvey.  Several  sets  of  commissioners  were 
appointed,  but  no  agreement  t>eing  reached,  finally,  in  1860,  pursoant 
to  an  act  of  the  legislature  of  New  York,  the  line  was  run  by  tbe  New 
York  commissioners,  Connecticut  not  being  represented. 

Tbe  first  section  of  the  act  of  the  New  York  legisl  Aure  is  as  foUows, 
viz: 

1.  The  coonnlasionera  appointed  by  tiie  governor  to  ascertain  tbe  bonndary  lino  be- 
tween the  States  of  New  Tork  and  Conneoticnt  are  hereby  empowend  amd  diieotod. 
(524) 
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loanrver  and  mark,  with  •oHabla  numoBMota,  the  uld  Unabatweoo  the  two  Statee 

The  following  is  ao  abstract  ot  the  eogineer'B  report  of  the  line  nm 
under  direction  of  the  commiasioDerB  from  Kew  York,  the  Oounecticnt 
cummissioners  decliuiqg  to  be  present  or  assist,  viz: 

Beginning  at  the  northwest  comer  of  Connecticat,  at  the  monament 
erected  by  the  commissioners  of  New  York  and  Conoecticnt  in  ]  731,  lati- 
tnde  42°  02'  58".54,  longitude  13^  30*  («".66j  thence  sonth  11°  20'  west, 
4C1  chains,  to  the  '47th  mile  monoment;  thence  sonth  12°  34'  west,  239 
chains,  67  links,  to  the  41th  mile  monnment  point;  thence  sonth  11° 33* 
vest,  160  chains  99  links,  to  the  42d  mile  monument;  tiience  sonth  13° 
16'  west,  161  chainu  21  links,  to  the  40th  mile  monument  point;  thence 
south  12°  21'  west,  398  chains  21  links,  to  the  35th  mile  monument; 
thence  south  12°  32'  west,  158  chains  96  links,  to  the  33d  mile  menu-  . 
ment;  thence  south  11°  44'  west,  243  ohaina  37  links,  to  the  3uth  mile 
monnment ;  thence  sonth  12°  27'  west,  161  ohaina  32  links,  to  the  28th 
mile  monnment ;  thence  south  10°  56'  west,  160  chains,  to  the  26th  mile 
monument  point ;  thence  sonth  11°  39'  west,  320  chains  11  links,  to  tbe'22d 
mile  monnment;  thence  south  12°  18'  west,  163  ohains  17  links,  to  the 
30th  mile  monnment ;  thence  sonth  11°  49'  west,  159  chains  9  links,  to 
the  18th  mOe  monnment ;  thence  sonth  12°  19'  west,  157  chains  15  links, 
to  the  16th  mile  monoment;  thence  south  10°*  11'  west,  161  chains 
7IinkB  to  the  14th  mile  monnment ;  thence  sonth  10°  51'  west,  313  chains 
41  links,  to  the  10th  mile  monument  point;  tlienoe  south  12°  21'  west, 
155 chains  7Minks,  to  theSthmiie monument ;  thence  south  10°  19'  west, 
169  chains  2S  links,  to  the  6th  mile  monument  point ;  thence  sonth  12° 
IV  west,  164  chains  42  links,  to  the  4th  mile  monnment;  thence  sonth 
11°  41'  vest,  158  chains  99  links,  to  the  2-mile  monnment;  thence  south 
14°  10'  west,  100  chains  41  links,  to  the  Bidgefleld  angle  monument;* 
thence  sonth  26°  8'  east,  213  chains  39  links,  to  the  4th  mile  monument 
OD  the  east  line  of  the  oblong  between  the  Wilton  and  Bidgefleld  angles;, 
thence  sonth  21°  18'  east,  157  chains  63  links,  to  the  2-mile  monument ; 
thence  sonth  24°  14'  east,  167  chains  28  links,  to  the  Wilton  angle  mon- 
nment, or  southeast  comer  of  the  oblong  as  set  off  by  the  commission- 
era  of  1731 ;  thence  south  67°  45*  west,  138  chains  76  links,  to  the  south- 
west comer  of  the  oblong,  and  being  where  the  snrvey  of  1725  termi- 
nated ;  thence  aoutfa  65°  41'  west,  90  chains  87  links,  to  a  point  consid- 
ered  the  original  12tb  mile  monnment  point ;  tbence  south  66°  66'  west, 
311  chains  93  links,  to  a  point  called  the  9th  mile  monnment;  thence 
sonth  66°  46'  west,  319  chains  12  links,  to  the  6th  mile  monnment  point ; 
tbeuoe  south  66°  25'  west,  398  chains  40  links,  to  the  angle  at  the  Duke's 

'Tlie  mile  monim^tB  referred  to  are  those,  at  that  time  remaining,  which  were 
MUbUahrd  bjtbe  Coimcctient  and  New  Yotlt  commiaaionenof  1731. 

*Tbe  eotiie  diatanoe  from  the  MasHaohDaetts  lime  to  Bldgefleld  angle  ia  63  milea  35 
rada,  a  diflomioa  of  only  5  roda  fh>ro  the  surrey  of  173L 
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Tuees;  tbenoe  eoath 23° SS' east,  172 chains 93 links,  to  apointwbioh  ib 
vest-sotLtfawest  and  distant  32  roda  from  the  chimney  in  the  old  Clapp 
house ;  thence  sonth  24°  21'  eaet,  224  chains  78  links,  to  a  point  opposite 
the  old  Willifun  Anderson  hoose ;  thence  sonth  2i°  19'  east,  173  chains  7 
links,  to  the  great  stone  at  the  ancient  wading  place  on  Byrom  Blver; 
thence  Boatb  17*^46' west-,  12  chains  delinks,  to  a  rock  in  the  river  which 
can  be  seen  at  low  tide,  in  which  there  is  a  holt ;  thence  south  27<>  west, 
66  chains  19  links ;  thence  south  7°  20'  east,  13  chains  46  links;  thence 
south  12<>  10'  east,  16  chains  13  links ;  thence  south  2°  40'  east,  9  ch^ns 
4  links  i  thence  sonth  28°  26'  east,  9  chains  54  links;  thence  sonth  18°  40* 
east,  4chains  77  links;  thence  sonth  ll°5K'weBt,6chainB33  links;  thence 
sonth  68°  10*  west,  to  where  it  falls  into  the  sound.  (See  report  of  the 
commissioners  to  ascertain  and  settle  the  boundary  line  between  the 
.  States  of  New  York  and  Connecticut,  February  8, 1861,  in  which  will 
also  be  found  a  complete  account  of  this  contioTersy.) 

The  latitude  and  longitude  of  the  northwest  comer  of  Oonnecticat 
are  taken  fh>m  Borden's  Trigonometrical  Survey  of  Massaohnsetta. 

In  1880  commissioners  were  appointed  by  Oonnectlout  and  New  York. 
Their  report  was  ratified  In  1880. 

These  commissioners  reported  as  follows,  viz : 

Weagre«  thftt  the  boimdary  on  th«  land  constituting  the  wMtembonndAry  of  Con- 
nootioat  and  the  etutem  bonnduy  of  New  Tork  ahall  be  aod  is  ta  tlie  same  wsa  de- 
flned  b;  moDnments  erected  by  oommlMfonen  appointed  by  tbe  Btate  of  New  Tork, 
and  M>niplet«d  in  the  year  1860,  the  said  boundary  line  extending  from  Byrsm  Point, 
fonnerly  called  Lyon's  Point,  on  the  imntli.to  the  line  of  the  State  of  HaatactaiuettB 
on  tbe  uortb. 

And  «e  further  agree  that  the  bonndsry  on  the  soniid  ehall  be  and  is  as  follows: 

Beglnniog  at  a  point  In  the  center  of  the  channel,  abont  600  feet  sonth  of  the  ex- 
treme rocks  of  Byram  Point,  marked  No.  0,  on  appended  United  8tat«e  Coast  Survey 
chart;  theuoeranningin  ati'Do  southeast  coarse  Statatnte  miles;  thence  Is  a  straight 
line  (the  oio  of  a  great  oirole)  northeasterly  to  a  point  4  statute  miles  doe  sonth  of 
If  ow  London  Light-HooM ;  thenee  northeasterly  to  apolnt  m^ked  Ko.  1,  4MI  tbe  annexed 
TlDited  States  Coast  Snrve;  chart  of  Fisher's  Island  Bound,  which  point  is  on  tbe 
longitnde  east  three-q  Darters  north,  Bailing  coarse  down  on  said  map,  and  is  about 
1,1X10  feet  northerly  from  the  Hommock  or  North  Ihimpling  Light-House;  tbenoe  fol- 
lowing said  east  three-fourtha  north  sailing  oonise  as  laid  down  on  said  map,  easterly  to 
a  point  marked  No.  2  on  said  map ;  thence  sontheasterly  to  a  point  marked  Mo.  3  on 
B^d  Biap ;  so  far  as  said  States  are  coterminona.  (Bee  Bevioed  Statutes  of  New  Tork, 
leSl.Vol.,  I,  pagel3fi.) 

Tho  above  agreement  concerning  these  boaudaries  between  Gonnec- 
ticnt  and  New  York  was  confirmed  by  the  Congress  of  the  United  States 
on  Febrnary  20,  1881.     (See  Revised  Statutes  of  United  States,  1881.) 

(For  the  history  and  present  location  of  the  eastern  boundary  of  Oon- 
neoticnt,  vide  Massachusetts,  p.  55,  and  Rhode  Island,  p.  65.  For  the 
northern  boundary,  vide  Massachusetts,  p.  58.)  , 

Under  the  charter  of  1662  Connecticut  claimed  a  large  western  ter- 
ritory. Snbseqnent  to  the  Revolution,  however,  in  1786, 1792, 1796,  and. 
1800,  she  reliuqnished  all  title  to  any  land  west  of  her  present  boundai?. 
(526) 


71 


NBW   YORK. 


Tbe  territory  inoladed  in  the  present  State  of  New  Ttffk  waa  etn- 
Iwaeed  in  the  French  and  EagUsh  grants  of  1603  and  1606.  The  Dntch^ 
however,  in  1613  eetablished  trading  poets  on  the  Hndson  Blver  and 
claimed  jnrisdiction  over  tbe  territory  hetveen  tbe  GoDoeetioat  and  Del- 
aware Bivets,  which  they  called  "Sew  KetherlaodB.  The  government 
was  vested  in  "The  United  S^ew  I^etberland  Oompany,"  chartered  in 
1616,  and  then  in  "  The  Dutch  West  India  Company ,"  chartered  in  1621. 

In  1661  King  Charles  II  of  England  granted  to  his  brother,  the  Dnke 
of  York,  a  large  territory  in  America,  which  included,  with  other  lands, 
sn  that  tntct  lying  betweeo  the  west  bank  of  the  Counecticat  Biver 
and  the  east  bank  of  the  Delaware.  The  Dnke  of  York  had  previonsly 
porehaaed,  in  1663,  the  grant  of  Long  Island  and  other  islands  on  tbe 
Vew  England  coast,  made  in  1630  to  the  Earl  of  Stirling,  and  in  1664, 
with  an  armed  fleet,  he  took  possession  of  ^ew  Amsterdam,  which  was 
thenceforth  called  New  York.  Tbis  oonguest  was  confirmed  by  the 
treaty  of  Breda,  in  1667. 

The  following  is  an  extract  &om  the  giant  of  1664  to  the  Dnke  of 
Yotk: 

All  th*t  parte  of  the  maine  land  of  New  England  beginning  at  a  oertaine  place 
caUad  or  knowne  by  tbe  Damfl  of  Bt.  Ccoix  next  a^jofiiing  to  New  Scotland  In  Amer- 
ica and  ihnn  thence  extending  along  the  eea  coast  unlo  a  certain  place  called  Petoa- 
qoiDe  or  Penaquid  and  m  np  the  Biver  thereof  to  the  further  head  of  ;e  aame  aa  it 
tmdetli  norihwaids  and  exMnding  from  thence  to  tbe  River  Einebeqni  and  ao  np- 
waida  by  tbe  abortest  oODrse  to  the  Birer  Canada  northward  and  also  all  that  laland 
orlilanda  eomiiioiilf  called  by  tbe  aaverall  name  or  names  of  Hatowaoka  or  Long 
Uand  aeitiiate  lying  and  being  towarda  the  west  of  Cape  Codd  and  ye  narrow  Hig- 
anaetta  abutting  upon  the  maine  land  between  the  two  Biveni  there  callra  or  knowne 
by  tbe  leTerall  namea  of  Conecticntt  and  Eudsons  Blver  togatber  aleo  with  tbe  aaid 
rimr  of  Hndaona  River  and  all  the  land  from  the  west  aide  of  Conecticott  to  ye  east 
Mde  of  Delaware  Bay  and  also  all  thoae  eeTerall  lalanda  oalled,  or  knowne  by  the 
niDMa  of  Hartin'B  Tluyard  and  Nuitokea  otherwise  Nantookett  togathei  with  all  ye 
lands  ialands  aoylea  harboara  minea  minerals  quarryes  woods  marabes  waters  lakea 
Sthlnga  hawking  hnnting  and  ffowling  and  all  other  royalltyee  proffitts  oommodl- 
tjm  tmd  hereditamenta  to  tbe  aaid  aeverale  island  lands  and  premisses  belonging  and 
^tpmtaining  with  thpire  and  every  of  theire  appnrtenancea  and  all  onr  satate  right 
tiile  interest  benefltt  advantage  olaime  and  demand  of  in  or  to  the  said  lands  and 
prentsea  or  any  part  or  parcell  thereof  and  tbe  revemon  and  leveroons  remainder  and 
rMnainden  togatber  with  the  yearly  and  other  ye  rente  revennes  and  proffitts  of  all 
atid  nngnlar  the  said  premisses  and  of  erery  part  and  parcell  thereof  to  have  and  to 
bold  all  and  singnlar  the  said  lauds  isUnds  hereditaments  and  premisses  with  their 
and  every  of  their  appattetiauoee. 

In  July,  1673,  tbe  Dntch  recaptured  lifew  York  and  held  it  until  it 
vas  restored  to  the  English  by  the  treaty  of  Westminster,  in  Febroary, 
1674. 

The  Dake  of  York  tbereapon,  to  perfiect  his  title,  obtained  a  new 
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grimt,  in  sabstaDtially  tlie  same  terme  as  that  of  1664  (0.  and  C,  p. 
1328),  of  which  the  followiDg  ie  an  extxact,  viz: 

All  th»t  pkrt  of  the  mtlD  land  of  M»ir  Jj^gland,  beginniiig  »t  «  oertain  pUoa 
eklled  or  Icnovn  by  the  uune  of  Skint  CtoIz  nexe  kdjoining  to  New  Sootland  in 
Amerloa,  Mid  from  tbenoe  extendtnfi  along  the  tea-coaat  Into  ■  certkia  plaoe  called 
PatDBqnim  or  Pemqnid,  and  so  np  the  river  thereof  to  the  farthest  hckd  of  Uie  nme 
•a  It  windeth  uorthwaid  and  extending  from  the  rivet  of  Kinebeqn  and  so  upwards 
by  the  ahorteat  comne  to  the  river  Canada  northwaids ;  and  all  that  island  or  id- 
ands  cominonly  called  by  the  eeTeral  name  or  names  of  Uatowacks  or  Long  lelands, 
sitoate  and  being  toward  the  watt  of  Cape  Cod  and  the  narrow  Higaneate  abatting 
opon  the  tnaia  land  between  the  two  rtrers  there  called  or  known  by  the  Beveral 
namea  of  Connecticnt  and  Hndeon  Biveia,  together  also  with  the  said  river  called 
Hndson'i  River,  and  all  the  lands  from  the  west  side  of  Conneotiont  Biverto  the  east 
aide  of  Delaware  Bay;  and  also  all  thoee  several  islands  called  <a  known  by  the 
namea  of  Hartln  Tinyard  and  Nantokee,  otherwiao  Naotnokett. 

By  these  f^ranta  to  the  Dake  of  York  and  the  conquest  of  the  Dntcfa 
poesesaioDH  io  America,  it  will  be  Been  that  Xew  Tork  origiaaLlj  had  a 
claim  to  a  mnoh  larger  territory  thau  is  now  included  in  her  limits.  The 
Bnccesaivechacgee  in  her  extent  may  be  sketched  asfollowB,  tie: 

In  1664  the  Dnke  of  York  Bold  the  present  State  of  New  Jersey  to 
Lord  John  Berkeley  and  Sir  Qeorge  Carteret. 

In  1682  the  Dnke  of  York  sold  to  William  Fena  his  title  to  Delaware 
and  the  country  on  the  west  bank  of  the  Delaware,  which  had  been 
originally  settled  by  the  Swedes,  then  conqnered  by  the  Dutch,  and 
which  had  by  them  been  surrendered  to  the  Dnke  of  York. 

In  1686  Femaqnid  and  its  dependencies  were  annexed  to  the  Kew 
England  gOTemment  by  a  royal  order,  the  Dnke  of  York  having  ac- 
ceded to  ^e  throne  of  England. 

By  the  charter  of  1691  to  Massachusetts  Bay,  all  claim  to  any  part 
of  Maine  was  extinguished,  and  the  islands  of  Xantucket,  Martha's 
Vineyard,  and  others  adjacent  (hitherto  known  aa  Dake'a  County, 
^ew  York),  were  annexed  to  Massaohusetts  Bay. 

The  territory  west  of  the  Connecticnt  River  to  within  about  20  miles 
of  the  Hudson  Biver,  now  forming  portion  of  Massachusetts  and  Oon- 
^necticuti  were,  by  agreements  and  concessions  made  at  various  periods, 
surrendered  to  those  States  respectively. 

In  1781  New  York  released  to  the  General  Government  all  the  lands 
to  which  she  had  claim  west  of  a  meridian  extending  through  the  west 
extremity  of  Lake  Ontario,  and  in  1790  she  gave  np  all  claim  to  the 
present  State  of  Vermont  and  consented  to  her  independeDce. 

B^  these  successive  reductions  Ifew  York  was  left  with  substantially 
her  present  boundaries. 

(For  the  history  and  settlement  of  the  eastern  boundary  of  New  York, 
vide  Vermont,  Massachusetts,  and  Connecticut,  ante  pp.  46,  62,  and  67.) 

The  northern  boundary  was  settled  by  the  treaty  of  peace  in  1783 
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and  by  the  oommiSBkHi  ander  the  sixth  artlde  of  the  treaty  of  Ohent. 
(F«fepp.  10andl2.) 

The  boandary  between  New  Torb  and  "Sew  Jerse;  was  plainly  stated 
ID  the  grant  by  the  Duke  of  York  to  Berkeley  and  Carteret.  ( Vide  New 
Jersey,  p.  70.) 

In  1719  attempts  were  made  to  have  the  line  ran  and  marked,  bot 
DothiDg  seems  to  have  been  done  to  settle  the  matter  permanently  till 
1T69,  when  commissioners  were  appointed  by  the  King,  who  fixed  on 
SQbstantially  the  present  line.     (Vide  R.  S.  N.  J.,  1821,  pp.  29-34.) 

Id  1772  this  line  was  confirmed  by  the  legislatares  of  both  colonies, 
and  commissioners  were  ap[>ointed  to  sarrey  and  mark  the  same. 

This  line  was  as  follows,  viz : 

L  diraet  Mid  atrklght  line  from  the  fork  or  blanch  fomied  by  the  Janotion  of  tha 
ftTMiD  or  waten  tailed  the  Uachackamack  nith  the  river  Delaware  or  Fidikilt,  in 
tbs  latitude  of  41°  ei'  37",  to  a  rock  on  the  ne«t  iide  of  the  Hndson  Biver,  marked  by 
the  Mid  anrreyoTB  in  the  latitude  of  41° — Mid  rock  woa  ordered  to  be  marked — with 
the  Ibllowiiig  words  and  fignres,  vie:  "Latitnde  41°  north  j"  and  on  the  aonth  side 
tliereof  "New  Jeraey";  and  on  tbe  north  side  thereof  "New  York";  alao,  to  mark 
every  tree  that  stood  on  (he  line  with  five  notches  and  a  blase  on  the  northweet  and 
•ootbeaat  sides  thereof,  and  t«  put  ap  stone  moDDments,  at  1  mile  distance  from  each 
other,  along  the  said  line,  and  tonnmbersnch  monomeDtsivllh  the  uamber  of  miles; 
tluname  shall  bef^m  the  before-mentioned  marked  rook  on  the  west  side  of  Hadsoo'l 
Kvor,  and  mark  the  words  "New  Jersey"  on  the  sooth  aidej.and  tlie  word*  "New 
Tork"  on  the  north  side,  of  every  of  the  said  monnments.  (See  B.8.of  H.  J.,I8S1, 
Pp.a9-34.) 

The  above  was  oonflrmed  by  the  king  in  ooanoil  September  1, 1773. 

In  the  year  1833  commissioners  were  appointed  by  New  York  and 
New  Jersey  for  the  settlement  of  the  territorial  limits  ajid  jurisdiction 
of  the  two  States. 

In  tbe  following  year  the  oommissioneis  made  the  following  agree- 
ment, which  was  ratified  by  each  State  and  confirmed  by  Congress,  viz : 

^ntlTXD  STATSB    STATUTES  AT  LAROE.      TWKNTT-TBISD   COMOKEBB,  SEflBIOM   1.      1834. 


Amci.x  siBST.  The  boundary  line  between-  tbe  two  States  of  New  York  and  New 
Jersey,  f^om  a  point  in  tlie  middle  of  Hodson  Kiver,  oppoeite  the  point  on  the  weat 
dure  thereof,  in  the  forty-first  degree  of  north  latitude,  as  heretofore  oaoertalned,  and 
■Miked,  to  the  main  aea,  sball  be  the  middle  of  tbe  uid  river,  of  tbe  bay  of  New 
Tork,  of  the  waters  between  Staten  Island  and  New  Jersey  and  of  Baritan  Bay,  to  the 
Main  sea ;  except  as  hereinafter  otherwise  partioularly  mentioned., 

AsnCLK  acoOND.  *The  State  of  New  Tork  shall  retain  its  present  Jnrisdiotion  of 
ind  over  Bndloe's  and  Ellis's  Islands,  and  shall  also  retain  exclnsive  Jnilsdiotion  of 
and  over  the  other  islands  lying  in  the  waters  above  mentioned  and  now  under  the 
iaiisdletiaD  of  that  State, 

Ajeticlx  thibd.  The  State  of  New  York  shall  have  and  enjof  exelnsive  Joilsdiotion 
ofaodovex  All  the  waters  of  Hndson  Biver  lying  west  of  Manhattan  Island  aod  to  the 
notbof  tbemonthof  Spnytendnyvel  Creek;  and  of  and  over  the  lands  covered  by  the 
i^  wateis  to  the  low- water  mark  on  the  westerly  or  New  Jersey  side  thereof;  mb- 
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Jeot  to  the  followixig  righto  of  ptoperij  and  of  JoriadietloB  of  the  State  of  Kew  Jei- 
aeir,  that  )b  to  n^; 

1.  The  State  of  New  Jeraey  shall  have  tlte  ezclnaiTe  right  of  property  insnd  to  the 
land  nndsr  water  lying  weat  of  the  middle  of  the  bar  of  New  York,  and  wsat  of  the 
middle  of  that  put  of  the  Hudeon  Blrer  whteh  Ilea  between  Uanhattui  Idand  and 
New  Jersey. 

2.  The  State  of  New  Jeney  ihsll  have  the  ezalDeive  Jnriodiotioii  of  and  over  the 
whaiT^d,  doaks,  and  improvemente  made  and  to  be  made  on  the  ehore  of  the  aatd 
State  1  and  of  and  over  all  veaaele  agionnd  on  said  ebore,  or  fastened  to  any  sneh 
wharf  or  dock,  except  that  the  aaid  Twsclo  ahall  be  subject  to  the  quarantine  or  health 
laws,  and  laws  in  relation  to  paseeugerB,  of  the  Btate  of  New  York,  which  now  exist 
or  which  may  hereafter  be  paaeed. 

3.  The  Stateof  New  Jeiaey  shall  have  the  exclnaiTe  right  of  regnUtingthefisheiiea 
on  the  weeterly  side  of  the  middle  of  said  waters :  Protidtd,  That  the  navigation  be 
not  obstnicted  or  hindered. 

Axncut  FOURTH.  The  State  of  New  York  shall  have  pxclnsive  Jnrisdiotion  of  and 
OTer  the  waters  of  the  Kill  Ton  Enll  between  Staten  Island  and  New  Jersey  to  the 
westernmost  end  off  Shortei's  Island  in  leepect  to  snob  qnarantiue  laws,  and  lawa 
relating  to  passengers,  as  now  exist  or  may  berciiter  be  passed  nnder  the  anthority  of 
that  State,  and  for  execnting  the  same;  and  the  said  State  shall  also  have  exolmriTe 
Jnrisdiotion,  forthelikepnrpo«ea,of  and  over  the  waters  of  the  sonnd  from  the  weat- 
ermost  end  of  Sborter's  Island  to  Woodbridge  Creek,  ae  to  all  Teasels  bonnd  to  any 
port  Id  the  said  State  of  New  York. 

ABT1CT.E  TTFTH.  The  State  of  New  Jersey  shall  have  and  enjoy  ezeloalTe  Jorisdie- 
tion  of  and  over  all  the  waters  of  the  sound  between  Staten  Island  and  New  Jersey 
lying  sooth  of  Woodbridge  Creek,  and  of  and  over  all  the  waters  of  Baritan  Bay  lying 
westward  of  a  line  drawn  from  the  light-honse  at  Prinoe's  Bay  to  the  month  of  Hat- 
tavan  Creek ;  subject  to  the  following  rights  of  property  and  of  jnilsdiotion  of  the 
«tate  of  New  York,  that  is  to  aay: 

1.  The  State  of  New  York  shall  have  the  exclDsive  right  of  property  in  and  to  lb* 
land  nnder  water  lying  ttetween  the  middle  of  the  said  waters  and  Staten  Island. 

2.  The  State  of  New  York  shall  have  the  exolusive  Jarisdiotion  of  and  over  tbe 
wharves,  docks,  and  improvements  made  and  to  be  made  on  the  shore  of  Staten  Isl- 
and, and  of  and  over  all  vesselsagronnd  on  said  sbore,  or  fastened  toany  snob  wharf  or 
dock ;  except  tbat  the  said  vessels  shall  be  snbjeot  to  the  qoarautlne  of  health  laws, . 
«nd  laws  in  relation  to  passengers  of  the  State  of  New  Jersey  which  now  exist  or 
which  may  hereafter  be  pasaed. 

3.  The  Stale  of  New  York  shall  have  tbe  exclnslve  right  of  regalating  the  fisheries 
between  the  shore  of  Staten  Island  and  the  middle  of  said  waters :  FivvUtd,  That 
the  navigation  oC  the  said  waters  be  not  obstmoted  or  hindered. 

In  1876  commiaeioners  were  appointed  to  re-locate  the  laud  boundary 
between  New  York  and  New  Jerse;,  and  replace  moDomeDta  that  may 
have  becoioe  dilapidated  or  removed,  or  to  erect  new  ones,  etc  ( Vide 
Eev.  of  N.  J.,  1877.) 

The  above  commiasioners  found  in  some  cases  a  alight  discrepancy 
between  the  original  marks  and  the  verbal  description  thereof,  and  the 
legislatnres  of  each  State  ordered  that  the  original  monamenta  should 
be  considered  the  true  boandary.  {See  acts  of  New  York,  1880,  and 
acts  of  New  Jersey,  1881.) 

In  the  yefur  1774  commissionera  were  appointed  by  New  York  and 
Pennsylvania  to  fix  the  beginning  of  the  43d  degree  of  north  latitode 
(830) 
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on  the  Hohftwk  or  weBtem  branoh  of  Delaware  Kver,  which  is  the 
northeaflt  oom^  of  PeDnsylTania,  and  to  proceed  westward  and  fix  the 
line  between  Pennsylvania  and  2Tew  York. 

These  commissioners  reported  in  December  of  the  same  year  that 
they  fixed  the  said  northeast  comer  of  PennsylTania,  and  marked  it  as 
follows,  viz : 

On  a  small  island  in  the  said  liver  the;  plaoted  a  stone  marked  with  the  letten 
■ltd  figoies,  New  York,  1774,  out  on  Uie  north  aide  thereof;  and  the  letters  and  Ag- 
ue*, Utitade  42°  Tarifttion  4°  SO*,  out  on  the  top  thenof ;  and  in  a  dimction  doe 
veat  trom  thence  on  the  weet  side  of  the  said  branch  of  Delaware,  ooUeoted  and 
placed  a  heap  of  stones  atthe  water  mark;  and  proceeding  farther  west  font  perohea, 
plKitad  another  abine  in  the  said  line  marked  with  the  letten  and  Sgnres.  Pennayl- 
Tania,  1774,  oat  on  the  aontb  nide  thereof,  and  the  letters  and  fignree,  latitnde  43^ 
variation  4°  W,  «nt  on  the  top  thereof,  and  at  the  distance  of  eighteen  perohee  dne 
weat  from  the  last-mentiotied  stone  marked  an  ash  tree.  The  rigor  of  the  season  pre- 
-irmted  tbran  ronning  the  line  farther. 

Nothing  fhrther  seems  to  have  been  done  until  1786-'7,  when  com- 
missioners were  appointed  to  finish  the  work  thus  begnn  {see  Gary  & 
Biorden's  Laws  of  Pennsylvania,  Vol.  HI,  page  392],  and  the  lines  were 
ran  and  monuments  erected.  The  line  was  ratified  in  1789,  and  is  as 
follows,  viz : 

B^inning  at  a  point  in  Lake  Erie,  where  the  boundary  line  between  the  United  States 
and  Great  Britain  is  intersected  by  a  meridian  line  drawn  throngh  the  moat  wealerly 
baa%  or  inclination  of  Lake  Ontario ;  then  sonth  along  aaid  meridian  line  to  a  monoment 
in  the  iMginning  of  the  forty-third  degree  of  north  latitnde,  erected  in  the  year  one 
thonnand  seven  hnndred  and  eighty-seven,  by  Abraham  Herdenbergb  and  William 
W.  Motna,  Dommlesioners  on  the  part  of  this  State,  and  Andrew  Ellicott  and  Andrew 
Porter,  oommissionere  on  the  part  of  the  State  of  Pennsylvania,  for  the  pnrpoae  of  mark- 
ing the  termination  of  the  line  of  jnrisdiction  between  this  Statesndthe  said  State 
of  Fecmsylvania ;  then  east  along  the  Hoe  eatabllsbed  and  marked  by  said  last^men- 
ti<si«d  oonunisaionetB  to  (he  ninetieth  mile-stone  in  the  same  pwraliel  of  latitude, 
enoted  in  the  year  tme  thousand  seven  hundred  and  eighty-aix,  by  James  Clinton 
and  Simeon  DeWltt,  oommissionera  on  the  part  of  this  State,  and  Andrew  Ellioott, 
eommissioner  on  the  part  of  Pennsylvania ;  which  sold  ninetieth  mile-stone  stands 
tm  the  western  side  of  tlie  sonth  branch  of  the  Tioga  Biver;  then  east  along  the 
line  established  and  -marked  by  said  last-mentioned  eommisBioners,  to  a  stone  erected 
in  the  year  one  thousand  seven  hanilred  and  seventy-four,  on  a  email  island  in  the 
Delaware  River,  by  Samuel  Holland  and  David  Bittenhonae.  commissioners  en  the  part 
of  Oie  colonies  of  Pennsylvania  and  New  York,  for  the  purpose  of  marking  the  begin- 
ning of  the  forty-third  degree  of  north  latitude :  then  down  along  said  Delaware  River 
to  a  point  opposite  to  the  fork  or  branoh  formedby  the  Junction  of  the  stream  called 
Mahaekamaok  with  the  said  Delaware  Rivei',  in  the  latitnde  of  forty-one  degrees, 
twenty-one  minntes  and  thirty-eeven  seconds  north;  then  in  a  stzslght  line  to  the 
tenmnatim  on  the  east  bank  of. the  Delaware  Biver  of  a  line  ran  In  the  year  one 
tboiuMnd  seven  hundred  and  eeventy-fbnr,  by  William  Wiokham  and  Samnel  Qale, 
coramianonen  on  the  part  of  the  tlwn  oolony  of  New  Tork,  and  John  Stevens  and 
Waltor  Bntherfbrd,  commiesioners  on  the  part  of  the  then  colony  of  New  Jersey. 
(&a  Bavioed  Statntea  of  New  Tork,  1881.) 

The  meridian  line  forming  the  western  boundary  of  New  Tork  waa 
Borveyed  and  mapped  in  1790  by  Andrew  Ellioott,  as  United  States 
ioner  (Pa.  Aiohives,  Vol.  XII — Map),  and  t^e  latitnde  formerly 
(631) 
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inscribed  mi  the  monoment  on  Lake  Erie,  fixing  tbe  vestran  boandary, 
was  iZ^  IS'  13".    The  report  of  tlie  coomiisflioDer  has  not  been  foand. 

In  1865  Dr.  Peters,  director  of  Hamiltoo  College  Observatory,  nnder 
the  directions  of  the  Begents  of  the  TT  Diversity  of  New  York,  determioed 
the  latitude  and  longitnde  of  tbe  boaodary  moiininent  aforesaid,  witb 
the  followiDg  resnlt:  Latitude,  420  W  2"S;  longitade,  79°  46' 54".4. 
{ Vide  Br.  Peters'  Beport,  186S.) 

la  187?  the  parallel  of  the  forty-second  degree  north  laCitade  was 
ascertained  at  foar  points,  by  the  Ifew  York  and  Pennsylvania  Joint 
Bonndary  Commission,  with  the  following  resnlt,  viz : 

1.  At  Travis  Station  (Hale's  Eddy],  very  near  the  east  end  of  that 
part  of  the  New  York  and  Pennsylvania  line  supposed  to  ,be  on  the 
forty  second  parallel,  the  old  line  was  fonnd  to  be  276  feet  north  of  the 
parallel. 

2.  At  Finn's  Station,  abont  20  miles  &om  east  end  (Great  Bend),  the 
line  is  360  feet  sooth  of  the  parallel. 

.  3.  At  Bnrt's  Station,  about  70  miles  fh>m  east  end  (Wellsbnrg),  tbe 
line  is  760  feet  north  of  tbe  parallel. 

4.  At  Clark's  Station,  abo"t  253  miles  finm  east  eud  (Wattsbni^),  the 
line  is  160  feet  north  of  the  parallel. 

(See  pamphlet,  Beport  of  Fenn.  Board  of  the  Penn.  &  N.  Y.  Joint 
Boundary  Oomm.) 


IfEW   JEESET. 

Although  the  original  grants  ^m  tbe  French  and  English  sov- 
ereigns of  1603  and  1606  covered  the  territory  forming  tbe  present 
State  of  New  Jersey,  the  grant  which  first  directly  relates  to  New  Jer- 
sey is  that  given  in  1664  by  tbe  Dnke  of  York  to  Lord  John  Berkley 
and  Sit  George  Carteret,  two  months  before  the  setting  oat  of  his  ex- 
pedition to  take  possession  of  New  York. 

The  following  extract  flrom  that  grant  defines  the  bonndbxies,  viz : 

All  tliat  tract  of  Und  adjacent  t«  New  England,  and  lying  and  being  to  the  west- 
waid  of  Long  Island  and  Hanbitaa  Island,  and  bounded  on  the  east  put  b;  tha 
motn  sea  and  part  by  Hudson's  Biver,  and  bath  apon  tbe  west  Delaware  Baj  or 
river,  and  eztendetb  soathward  to  the  main  ocean  as  for  as  Cape  May,  at  the  month 
of  Delaware  Bay,  and  to  the  northward  as  far  as  the  northemmoet  branch  of  the  said 
bay  or  Ti*er  of  Delaware,  which  Ih  forty-one  degrees  and  forty  minatoB  of  latitude, 
■ad  crosseth  orer  thence  in  a  strait  line  toHndson'sBiverin  forty-one  degrees  of  lati- 
itijde;  which  said  tract  of  land  isheieafter  tobecolledby  the  name  or  names  of  Vow 
Ceaserea  or  New  Jersey.  ( Vide  OT«nta,  Concessions,  etc,  of  New  Jersey,  Learning 
&  Spioer,  p.  8.) 

In  March,  1673,  Lord  Berkeley  sold  his  undivided  moiety  of  New  Jer- 
sey to  John  Fen  wick,  by  whom,  in  tbe  foUowlngyear,  it  was  again  sold. 
July  1, 1676,  was  executed'  tbe  fhmoos  " Qnintipartite  deed,"  by  which 
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the  eastern  part  was  given  to  Sir  George  Carteret,  to  be  called  Bast  Xe  v 
Jersey,  and  tlie  TeBtem  part  to  the  other  proprietors,  to  be  called  West 
Sew  Jersey.  Sir  Oeorge  Owteret,  at  bis  death  in  167f(,  left  bis  land  to 
b«  sold.  It  was  sold  in  16S2  to  the  twelve  proprietors,  who  admitted 
other  partners, 

Oonflrmation  grants  were  made  to  the  proprietws  of  botb  provinces 
by  the  Duke  of  Tork,  and  confirmed  by  the  King,  bnt  between  1697  and 
1701  the  proprietors  repeatedly  made  petitions  to  be  allowed  to  surren- 
der their  right  of  government  to  the  Grown,  Accordingly,  in  1702,  the 
iurrender  was  made  and  accepted  by  the  Queen,  and  both  parts  united 
were  made  the  province  of  New  Jersey.  (Vide  Zjeaming  and  Spicer's 
gnats,  etc.) 

(For  the  history  of  the  northern  and  eastern  booodaiy,  vide  "Sew  York., 
p.  73.) 

The  grant  fh>m  the  Duke  of  Tork  to  Berkeley  fuid  Carteret  defined 
tiie  west  boondary  of  New  Jersey  to  be  the  Delaware  Biver.  (Vide 
p.  76.) 

The  line  between  New  Jersey  and  Delaware  is  thus  described  in  the 
Revised  Statutes  of  Delaware,  p.  2,  viz: 

Low-wkter  mark  on  the  tiHt«m  itde  of  the  river  Delaware,  within  t1i«  twclvo-mile 
«inle  from  New  Cattle  and  the  middle  of  the  bay,  below  said  einle. 

In  1876  the  legislatore  of  New  Jersey  authorized  the  governor  to  com- 
mence a  snit  in  the  Supreme  Court  of  the  United  States  to  settle  the 
boundary  between  New  Jersey  and  Delaware.  New  Jersey  claimed 
jurisdiction  to  the  middle  of  the  Delaware,  so  far  as  the  river  and  bay 
is  a  tMHindary  between  the  two  States.  ( Vida  Bevision  of  New  Jersey, 
p.  1185.) 

In  1783  Commissioners  were  appointed  by  New  Jersey  and  Pennsyl- 
vania  to  settle  the  jurisdiction  of  the  river  Delaware  and  the  islands 
wjthin  the  same.  Their  report  was  ratified,  and  is  in  substance  as  fbl- 
lows: 

First.  It  is  declared  that  tbe  river  Delaware  fh>m  the  station  point 
or  northwest  comer  of  New  Jersey,  northerly  to  the  place  npon  the  said 
rirer  where  the  circular  bonndary  of  the  State  of  Delaware  toncbes 
npon  the  same,  in  tbe  whole  length  and  breadth  thereof,  is  and  shall 
oontinne  to  be  and  remain  a  common  highway,  equally  tree  and  open 
for  the  nse,  benefit,  and  advantage  of  the  said  contraoting  parties,  etc 

Second.  That  each  State  shall  ei\|oy  and  exercise  a  ooncnrrent  juris- 
diction within  and  upon  the  water,  and  not  upon  the  dry  land  between 
tbe  shores  of  said  river,  etc  • 

Third.  That  all  islets,  islands,  and  dry  land  within  the  bed  and  be- 
tweeai  the  shores  of  said  river,  and  between  said  station  point  northerly 
and  the  falls  of  Trenton  southerly,  shall,  as  to  jorisdiction,  be  hereafter 
deemed  and  considered  as  parts  and  parcels  of  the  State  to  which  sooh 
insulated  dry  land  doth  lie  nearest  at  the  time  of  making  this  agree- 
(fi33) 
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ment,  and  that  ih>ia  said  fedla  of  Tienton  to  the  State  of  Delaware 
soatherly,  certain  iBlaads  (in  the  o^reemeot  they  are  DSoied  B)  be  ao- 
nezed  to  each  State  reBpeotively.  ( Vide  Bevisioo  of  Sew  Jersey,  p. 
1181.) 

In  1786  commiBflioiiers  were  appointed  by  New  Jersey  and  PennMyl- 
vania  for  more  accarately  determining  and  deecribing  the  islands  meo- 
tiooed  in  tbe  foregoing  agreement ;  that  is,  tJiose  in  the  Delaware  from 
the  northwest  corner  of  New  Jersey  down  to  the  falls  of  Trenton.  Tbeir 
report  was  ratified,  and  a  long  list  of  islands,  described  by  name  in  the 
act,  were  annexed  to  each  State  respeotively.  ( Vide  ^vision  of  Hew 
Jersey,  pp.  1183-^.) 


PEKN8TLVANU. 

The  Swedish  West  India  Company,  oharteied  by  the  King  of  Swe- 
den  In  1626,  established  the  first  permanent  settlement  on  the  west  bank 
(rf  the  Delaware,  ocoapjring  a  part  of  the  territory  now  in  Pennsylvania 
fuid  Delaware,  although  tbe  Dntch  had  previonsly  established  trading 
posts,  which  had  l>een  destroyed  by  the  Indians.  The  Swedes  acqnired, 
by  snocessive  purchases  firom  the  Indian  ohiefe,  all  the  land  extending 
£rom  Cape  Henlopen  to  the  great  falls  of  the  Delaware,  calling  it  New 
Sweden.    ( Vide  0.  and  0.,  p.  16(».) 

In  1655  this  territory  was  sorrendered  to  the  Dntoh.  ( Vide  Hasard's 
Annals  of  Pennsylvaniii,  p.  186.) 

By  tbe  conqnest  of  tbe  New  Netherlands,  in  1664,  the  Dake  of  York 
seems  to  have  sncoessfnlly  claimed  the  settlements  on  the  west  bank  of 
tbe  Delaware  as  a  part  of  his  dominions. 

In  1681  Charles  II  of  England  granted  to  William  Fenn  tbe  Province 
of  Pennsylvania.  The  following  extract  from  the  (diarter  defines  tiie 
boondaries: 

*  *  *  all  that  Traeto  ot  Pwzte  ot  Land  in  AmerioK,  with  »U  the  IsUnds  thercia 
oont«7iied,  as  thsMmeli  bounded  on  the  EtMt  bj  DalAwue  BItot,  fiwDtwelTfl  miles 
diatanoe  Northwaidaof  New  Castle  Tovne  anto  the  three  and  fortieth  dejttee  of  Nortb' 
erne  Latitade,  if  tbe  said  Biver  doeth  extende  ao  £arre  northwards;  Bat  if  the  mid 
River  aball  not  extend  soe  tarn  Northward,  then  bj?  the  said  Biver  soe  fart  as  It  dntb 
extend;  and  from  the  faeodof  thetald  River  the  EiiatemBoaudB  are  to  beedetennined 
by  a  Meridian  Line,  to  b«ediawiie  from  the  head  of  the  said  Biver,  onto  the  aaid  tbre» 
and  fortieth  degree.  Theaald  Lauds  to  extend  westwardafiTedegreea  in  loa^tnde,  to 
bee  compnted  from  the  aaid  Eaateme  Bonnds ;  and  tbe  said  Lands  to  bee  boonded  un 
the  North  bf  the  beginning  of  thetliree  and  fortieth  degree  uf  Nortbem  Latitude,  and 
on  the  Sontb  bf  a  Circle  drawne  at  twelve  uiiles  distance  from  New  Caatle  Northward 
and  Westward  aDt«  the  bngioniDg  of  tbe  fortieth  degree  of  Northern  Latitude,  and 
thence  b.v  a  sireight  Line  Westward  to  tbe  Limit  of  Longltnde  above  mentioned. 

William  Penn,  in  order  to  perfect  his  title,  procured  of  the  Doke  of 
York  a  deed  bearing  date  August  21, 1682,  by  which  tbe  Dnke  of  York 
conveyed  to  him  all  title  and  claim  which  he  might  have  to  the  province 
of  PensBylvania.    ( Vide  Hazwd's  Annals  of  Pa.,  5H6  et  teq.) 
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He  alao  porehawd  of  tbe  Dake  <A  YoA  tlie  territory  now  oomprig- 
ing  tlie  State  of  Delaware,  which  he  held  nntil  1701-'2,  when  be  granted 
«  charter  which  enabled  them  to  set  ap  a  separate  goremmeDt,  tiioagh 
trtifll  under  proprietoiy  coutiol.     {Vide  O.  and  C,  p.  270  et  teq^.) 

(For  a  histoiy  of  the  northern  and  eastern  boandaries  of  PennsyWa- 
uia,  see  Few  York  and  New  Jersey,  pp.  71  and  76.] 

That  part  of  the  sonttiem  boondary  of  PennsylTania  between  Penn- 
BflTania  and  Delaware  is  an  arc  of  a  circle,  having  (br  its  center  the 
steeple  of  the  old  oourt-honse  at  Kew  Oastle,  Del.,  and  a  radios  of  1!^ 
miles.  This  was  snrveyed  and  marked  nnder  a  warrant  fixnn  William 
Penn  in  1701.    {Vide  Hazard's  Annals  of  FennsylTiuua.) 

This  ciroolar  line,  in  connection  with  adjacent  lines,  was  made  the 
snbjeot  of  oontroverey  for  many  years. 

Aocording  to  the  original  grante  of  Pennsylvania  and  Maryland  the 
boundary  between  tbem  was  to  be  the  fortieth  degree  of  north  latitnde. 

This  line  being  foond  to  pass  north  of  Philadelphia  and  to  exclnde 
Peuasylvuiia  from  Delaware  Bay,  negotiations  ensned  between  the 
jnoimetors  to  rectify  this  geographical  blonder,  fuid  for  nearly  a  cen- 
tory  the  matter  remained  unsettled. 

In  the  year  1732  an  agreement  was  made  to  fix  the  boondary.  Com- 
missioners were  appointed  in  that  year,  and  subsequently  in  1739,  to  run 
ti>e  line,  bnt  they  failed  to  agree,  and  chaucery  suits  were  the  result. 
Taking  a  decision  of  Lord  Chancellor  Hardwick  in  1750  as  a  basis  of 
final  abjudication,  an  agreement  was  signed  July  4,  1760.  By  tbis 
^[Feemeot  the  line  between  Pennsylvania  and  Delaware  on  the  one 
pan  and  Uaiyland  on  the  other  was  determined  as  follows,  vis: 

A  doe  east  and  wait  line  should  be  ron  aoross  the  peninsnla  from 
Ci^te  Henlopen  to  the  Cbesi4>eake  Bay.  From  tbe  exact  middle  of 
tiiisUne  shonld  be  drawn  a  line  tangent  to  the  wtetem  periphery  of  a 
circle,  having  a  radina  of  12  English  statute  miles,  measured  horizon- 
tally from  the  center  of  tbe  town  of  Kew  Castle.  From  the  tangent 
point  a  line  sbonld  be  drawn  due  uorth  until  it  cnt  a  parallel  of  latitnde 
15  miles  dae  sooth  of  the  most  southern  part  of  the  city  of  Philadelphia, 
tins  point  of  intersection  to  be  the  northeast  corner  of  Maryland ;  thence 
ttie  line  should  run  due  west  on  said  parallel  as  far  as  it  formed  a  boun- 
dary between  the  two  governments.     ( Vide  Delaware,  p.  81.) 

Id  1760  commissionera  and  surveyors  were  appointed,  who  spent  three 
yeun  in  measuring  the  base  line  and  tbe  tangent  line  between  Maryland 
and  Delaware. 

The  proprietors  then,  wearied  with  the  delay,  sent  over  from  England 
two  fomous  mathematicians,  Charles  Dixou  and  Jeremiah  Mason,  who 
verified  the  work  of  their  preclecessors,  and  ran  the  line  west  between 
Pennsylvania  and  Maryland,  since  known  as  "  Mason  imd  Dixon^s  line.'' 

Haaon  and  Dixon  fixed  the  latitude  of  this  line  at  39°  ^  ig".    A 

remtrvey  in  18S0  by  Colonel  Graham  determined  it  to  be  39°  IS'  26".3. 
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Maiioa  and  Dizon  began  their  work  in  1763,  and  were  Btopped  by  In- 
dians in  1767,  baving  run  the  line  aboat  244  miles  west  of  the  Delaware, 
not  qnite  finishing  their  work.  They  pat  np  mile  Btonee  all  along  said 
line,  every  fifth  one  being  marked  with  the  anna  of  the  respective  pro- 
prietors. 

In  coDseqnence  of  the  accidental  removal  of  the  stone  at  the  north- 
east corner  of  Maryland,  commissiouers  were  appointed  in  1860  by  Puin- 
Bylvania,  Delaware,  and  Maryland  to  revise  tiie  former  snrvey,  whioii 
was  done  by  Lieateuant-Colonel  Graham,  of  the  United  States  topo- 
graphical engineers.  The  reenlt  confirmed  the  work  of  Mason  and 
Dixon,  and  Maryland  gained  by  the  reearrey  a  little  less  than  two 
acres. 

(For  a  full  report  of  themnning  of  Mason  and  Dixon's  line  in  1763~'67, 
and  the  veriflcatioQ  by  Colonel  Graham  in  1860,  see  Senate  Joomal  of 
Delaware  for  1861,  pages  66-109.) 

In  1784  the  report  of  the  commissioners  who  had  been  appointed  to  fix 
the  boandaries  between  Virginia  and  Pennsylvania  (West  Yirginia  then 
foiming  part  of  Virginia)  was  confirmed,  and  the  lines  so  fixed  are  as 
'  follows,  viz: 

Tbe  line  oommonly  o»U«d  Umos  and  Dixon'i.Uiw  to  be  extended  dne  west  five  de- 
grees of  loDEltnde  from  the  river  Delaware,  for  tbe  Mathem  bonnduy  of  Pennsyl- 
Vknla,  utd  >  meridian  drawn  from  tbe  western  eztremit;  thereof  to  the  nortlimt 
limit*  of  the  laid  Stataa,  raapeotivel;,  be  tli«  woatetn  bonnduy  of  PennaylvHiia. 
( Vid«  C.  wad  B.  laws  of  PonnHylvaDia,  ToL  II,  p.  495,  and  Hanio^s  VirglDia,  Vol.  ZI, 
p.  654.) 

By  the  oesaion  of  1784,  by  Virginia  to  theUnited  States — and  that  of 
1800,  by  Conneotioat  to  tbe  United  States,  and  tbe  formation  of  tbe 
State  of  West  Virginia  from  a  portion  of  Virginia  in  1862 — the  above- 
mentioned  meridian  line  becomes  the  boundary  between  Pennsylvania 
on  the  east,  and  Ohio  and  West  Virginia  on  the  west. 

By  an  examination  of  the  cession  of  1781,  by  Sev  York  to  the  United 
States,  it  will  be  seen  that  a  small  triangnlar  tract  on  Lake  Erie  was 
left  in  the  hands  of  the  General  Government.  This  was  sold  to  Penn- 
sylvania in  1702. 


DELAWARE. 

The  State  of  Delaware  was  originally  settled  by  the  Swedes.  ( Vide 
Pennsylvania,  p.  78.)  In  16S5  it  was  snrrendered  to  the  Dntoh,  who, 
in  1664,  in  tnm  surrendered  it  to  tbe  English,  and  it  was  taken  posses- 
sion of  by  the  Dake  of  York. 

William  Penn,  having  received  in  1682  a  grant  of  the  province  of 

Pennsylvania,  bonght  of  the  Duke  of  York  tbe  territory  comprising 

the  present  State  of  Delaware.    It  was  conveyed  to  bim  by  two  deeds 
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of  feofibtent,  dated  August  24,  1682,  one  oonveyiog  the  town  of  New 
Castle  and  a  twelve-mile  circle  aronnd  tbe  oame,  and  the  other  oonvey- 
mg  all  the  lands  Bonth  of  said  circle  to  Cape  Henlopen.  (See  Hazard's 
AnnaU  of  PeDusylrania,  p.  588,  «t  aeq.) 

Boon  alter  the  grant  made  by  the  royal  charter  aforesaid,  an  as* 
sembly  of  the  province  and  three  lower  coanties  (then  called  the  ter- 
ribnies)  was  called  by  the  proprietary  and  governor  aforesaid,  which 
met  at  Chester  on  the  seventh  day  of  December,  1682,  when  the  follow- 
ing laws,  among  others,  were  passed,  to  wit : 

*    *    "    Since    *    •    •    itIiupleuedKingCIiailestheSeooDd    "    •    •    tognnt 

■    *    ■•  William  Peuo,  esq,,      •     •     •     this  Province  of  PemuylvaiiiB    •     •     • 
Aod    *     JaraeH  Duke  of  York  »ad  Altuuiy    *     *     *    to  releaae  lilii  right  and  claim 
*    *    *     to  tlie  Proviueti  of  PeiitiB;WanlA    ■     •    •    uid    *     *    *    to  grant  unto  tha 
ttidWinikinPeDn    ■     '     •    Bllthattrsctof  Imudfrom  twelve  mileanorthwud  of  New 
CMtle,  on  tbe  river  Delswars,  dowo  to  tbe  Soatli  CHpe  (oommonly  oftUed  Cape  Heu- 
lopen,  And  \ty  the  Proprietuy  Mid  GoTemor  now  called  Cape  Jomos)  lying  oa  die 
VMt  nde  of  tbe  aaid  liver  and  bay,     ■     •     ■     lately  oaat  Into  three  eonntles,  called 
KewCaetle,  Jonea,  and  WborekillB(aliaalfew  Dale.     •    *    •    Be  It  enacted    *     * 
Hiat  tbe  oonntln  of  New  Castle,  Jonco,  and  Whorekilla  alias  New  Dale      ■    •     • 
an  annexed  to  tbe  Province  of  Pennsylvania.     •     *     *     (Ballaa*  Lawi  of  Peniwjlva- 
Bia,  1797,  ToL  I,  Appendix,  p.  S4,  «l  mq). 

In  1701  William  Penn  granted  a  charter,  under  which  the  province 
of  Pennsylvania  and  the  territories  (as  Delaware  was  then  called)  were 
made  separate  governments,  though  both  were  still  under  the  proprie- 
tary government  of  William  Penn.     (0.  &  C,  p.  270.) 

By  the  Bevolntion  tbe  "territories"  became  the  State  of  Delaware, 
with  sobstantJally  her  present  boondaries. 

(Pot  a  history  of  the  boundaries  between  Delaware  and  Pennsylvania, 
tide  Pennsylvania,  p.  79,  and  between  Delaware  and  New  Jersey,  vide 
Kew  Jersey,  p.  77,  et  ieq.) 

From  1732  to  1769  there  was  a  controversy  between  the  proprietors 
of  Pennsylvania  and  Maryland  in  regard  to  boundaries  {vide  p.  79). 
The  boandaries  of  Delaware  on  the  north  and  west — Delaware  then  be- 
ing under  the  Jurisdiction  of  Pennsylvania— were  determined  as  follows, 
vis: 

Beginning  at  Cape  Henlopen  and  running  dae  west  31  miles  ^09 
pen^es;  thence  in  a  straight  line  81  miles  78  chains  aod.SO  links  up 
the  peninsala  until  it  tonobes  and  makes  a  tangent  to  the  western  per- 
iphery of  a  circle,  drawn  at  the  horizontal  distance  of  twelve  English  ' 
Matnte  miles  from  the  center  of  the  town  of  New  Caatle. 

Prom  this  tangent  point  a  line  was  run  due  north  till  it  cut  a  parallel 
of  latitnde  16  miles  due  south  of  the  most  sonthem  part  of  tbe  dty  of 
PhiUddphia.  This  point  of  intersection  is  tbe  northeast  comer  of 
Maryland.  The  tangent  line  bearing  a  little  west  of  north,  the  da» 
north  linefrcMU  tiie  tangent  point  cuts  off  an  arc  of  the  I2-roiIe  circle. 
The  booodary  line  follows  the  am  of  the  circle  irom  the  tangent  point, 
vound  to  tbe  point  where  the  due  north  line  intersects  the  12-railu 
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circle,  then  foUowa  said  due  north  line  to  said  nortiieast  comer  of  Mary- 
land. The  length  of  aa^A  due  north  line  is  5  miles  1  chain  and  50  Uuks. 
as  given  by  Mason  and  Dixon.     (PideJour.  Del.  Sen.,  18dl,  p.  66  etiieq.) 

B;  the  ^reement  of  1760,  bneed  on  the  decide  of  Ohancellor  Haid- 
-wick,  a  due  east  and  west  line  should  )«  ran  across  the  peuinsttla  from 
Cape  Henlopen  to  Chesapeake  Bay,  etc.  The  decree  of  Lord  Hardwicic 
says,  touching  the  position  of  Oape  Henlopen,  "  that  Cape  Henlopen 
onght  to  be  deemed  and  taken  to  be  situated  at  the  place  where  the  saoie 
is  laid  down  and  described  in  the  map  or  plan  annexed  to  the  eaid  arti- 
cles'to  be  situated,  and  therefore  his  lordship  doth  further  order  and 
decree  that  the  said  articles  be  carried  into  execution  accordingly,"  etc 

In  Hazard's  Annals  of  FennsylTauia,  p.  5,  is  fonnd  the  following,  viz: 
"The  cape  now  called  Heulopen  was  then  called  Oornelis." 

William  Penn  directed  that  Gape  Henlopen  be  oaUed  Cape  James. 
(Vide  Hazard's  PeunnsylvaDia,  p.  606 j  alsoifi^  Act  of  onion  of  the 
territories  to  PennsylvaDia.) 

The  foregoing  statements  explain  the  seeming  incoDgmity  between 
the  base  line  across  the  peniusala  and  the  position  of  Cape  Henlopen 
as  laid  down  on  all  modem  maps. 


MABYLAND. 

The  territory  comprising  the  present  area  of  Maryland  was  included 
in  the  previous  charters  of  Virginia,  notwithstanding  which,  in  the 
year  1632,  Lord  Baltimore  received  a  royal  grant  of  the  province  of 
Maryland,  whose  boundaries  are  de&ned  in  the  following  extract: 

AU  thftt  part  of  the  Peninsula  or  Cbereoneae,  Ijing  in  parts  of  America,  between 
the  ooeaD  on  the  eaet  and  the  Buj  of  Cheaapeake  on  tbe  west ;  divided  ftom  the  rea- 
jdno  thereof  by  a  right  line  drawn  JVom  the  promontory  or  headland  called  Watfeins 
Point,  ^taate  npon  the  bay  aforesaid,  near  the  Biver  Wighoo  on  the  west  onto  the 
main  ocean  on  the  east,  and  between  that  bonodary  on  the  south  nnto  that  part  of 
the  Bay  of  Delaware  on  tbe  north,  which  lieth  nnder  tbe  fortieth  degree  of  north 
latitude  from  the  eqainootial,  n-bere  New  England  is  tenulnated ;  and  all  tbe  tract 
of  that  land  within  the  metes  andorwritten  (that  is  to  say),  passing  ftom  the  aaid 
bay,  called  Delaware  Bay,  in  a  right  line,  by  the  degree  aforesaid,  nnto  the  true 
meridian  of  tbe  first  fountain  of  the  River  Pattowmaok ;  thence  verging  towards  the 
aonth  nnto  the  farther  bank  of  the  said  river,  and  following  the  same  on  the  weet 
and  sonth  nnto  a  certain  place  called  Cinquaok,  sitnate  near  tbe  month  of  said  river, 
where  it  disembogaes  into  tbe  aforesaid  Bay  of  Chesapeake,  and  thence  by  the  ahort- 
est  Una  nnto  the  aforesaid  promontory  or  place  called  Watkins  Point,  so  that  tli« 
whole  tract  of  land  divided  by  the  line  aforesaid,  between  the  main  ocean  and  Wa^ 
fcins  Point  nnto  the  promontory  called  Cape  Charlca,  may  entirely  nuaiit  fiicever 
excepted  tons*"**''. 

By  an  examination  of  the  limits  laid  down  in  thu  charter,  and  a  oom- 
puiaon  with  tbe  several  charters  of  Virginia  and  the  charter  and  deeds 
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to  William  Peun,  it  will  be  seen  tliat  there  waa  a  conflict  of  bonndariea 
OD  both  sides  of  the  Maryland  grant. 

The  history  of  the  long  controversy  with  PennBylvania  has  already 
been  given  (vide  Pennsylvania,  p.  79,  and  Delaware,  p.  80).  Virginia  on 
the  sonth  claimed  the  territory  ander  her  oharters,  and  for  a  time  seemed 
disposed  to  assert  her  claim,  notwithstanding  we  find  io  163S  a  procla- 
mation by  the  governor  and  cooncil  of  Tirginia  recognizing  the  prov- 
JDoe  of  Maryland,  and  forbidding  trade  with  the  Indians  within  the  lim- 
its of  Harylaod  withoot  the  consent  of  Lord  Baltimore  previonaly  ob- 
tained (vide  Bozman'a  Maryland,  toL  II,  p.  586).  Virginia's  claim  was 
dually '  given  np  by  a  treaty  or  agreement  made  in  1658.  (For  a  fall 
account  vide  Bozman's  Maryland,  p.  M4  et  aeg.) 

Id  1663  the  Virginia  assembly  ordered  a  sorvey  of  the  line  between 
Virginia  and  Maryland  on  the  peninsnla,  and  declared  it  to  be  as  fol- 
lows, vu! : 

From  Wmtkios  Point  east  aorose  tlie  peniDenla. 

They  define  "Watkins  Poiirt 

To  1>e  the  nortb  side  of  Wicomicoe  River  on  the  Eaatem  sbore  and  neere  nnto  and 
on  tbe  Bonth  side  of  the  atreigbt  limbe  opporlte  to  Patnxent  Blver. 

( Vide  fiening's  Virginia,  vol.  II,  p.  184.) 

'In  1668  commissioners  were  appointed  by  Maryland  and  Virginia  to 
fix  the  boandary  across  the  peninsula.  The  commissioners  were  Philip 
Calvert,  esq.,  chancellor  of  Maryland,  and  Col.  Bdmnnd  Scarbrugh,  his 
majesty's  snrveyor-general  of  Virginia,    Their  report  is  as  follows,  viz: 

*  *  *  Afteraflill  and  perfect  view  takenof  tbe  point  of  land  made  by  the  north 
u<k  of  Pooomo^e  Bay  aod  eontfa  side  of  AunameuezB  Bay  have  and  do  cocdnde  tbe 
lAUU  to  be  Walklna  Point,  from  which  said  point  bo  called,  we  have  nm  an  eaat  line, 
■ereeable  with  the  extreamest  part  of  tbe  westermiJBt  angle  of  the  Mid  Watkina 
Point,  over  Pocomobe  Biver  to  tbe  land  near  Robert  HoUt«n*8,  and  there  bavemarked 
certain  trees  which  are  so  continned  by  an  east  line  rnnning  over  Swanseontee  Creehe 
into  tbe  manh  of  the  aBaeida  with  apparent  maiks  and  boundaries  *  •  •  Signed 
June  25,  IBG8.  ( Vide  Md.  Hist.  Soo.  Coll.  of  Btate  papers,  volntne  marked  4  L.  C.  B., 
pp.  63-640 

Virginia,  by  tbe  adoption  of  her  constitntion  of  1776  (see  Article  21), 
relinqnished  all  claim  to  territory  covered  by  the  cliarter  of  Maryland, 
thereby  fixing  Maryland's  western  bonndary  as  follows: 

ComiDaiiGinK  on  a  tme  meridian  of  tbe  first  fountain  of  the  river  Pattawmack, 
thsnc*  verging  towards  the  sonth  unto  the  farther  bank  of  the  said  river  and  follow- 
ing tbe  Bune  on  the  west  and  sonth*anto  a  certain  place  called  Cinquaob,  situate  near 
the  nuHith  of  aaid  river  where  it  diaembognea  into  the  aforeaaid  bay  of  Chessopeake, 
ind  tfaeotM  by  the  shortest  line  unto  the  aforesaid  promontory  or  place  called  Watkins 
Point,  tbenee  a  ri^t  line  to  the  main  ocean  on  tbe  eaat.     (See  charter  of  Maryland.) 

The  foregoing  are  substantially  the  present  bonndades;  but  Avm  that 
time  up  to  the  present  a  controversy  has  been  going  on  concerning  them. 

In  1786  a  compact  waa  entered  into  between  the  States  of  Maryland 

and  Vir^finia,  bat  as  this  referred  more  partioalarly  to  tbe  navigation 
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and  exercise  ofjiiTisdictioD  on  the  waters  of  Chesapeake  Bay,  the  I'o- 
tomao  and  Pocomoke  Bivera,  tbey  are  not  given  here.  ( Vidt  HeuiuK's 
Va.,  Vol.  XII,  p.  60.) 

From  1821  to  1858  frequent  legislatioD  took  place  in  regard  to  tbia 
bonndar;. 

In  the  last-named  ^ear  commisBlonerB  were  appointed  by  Maryland 
and  Virginia,  respectively,  who,  with  the  assistance  of  Lieat.  N*.  Mich- 
ler,  United  States  Engineers,  surveyed  the  lines. 

In  1860  the  governor  of  Virginia,  onder  a  reaolation  of  the  legialu- 
tnre,  appointed  and  sent  an  agent  to  England  to  collect  records  and 
docnmentary  evidence  beariUK  on  this  qaestion. 

The  rebellion  enaning,  nothing  ftarther  was  done  antil  186T,  when 
legislation  again  commenced. 

The  qaestion  of  this  boundary  was  referred  to  arbitrators  ly  an 
agreement  made  in  1874,  each  State  binding  itself  to  aooept  their  award 
as  final  and  conclusive. 

J.  8.  Black,  of  Pennsylvania;  William  A.  Graham,  of  ^orth  Oaro- 
Una,  and  Charles  A.  Jenkins,  of  Georgia,  were  appointed  arbitrators. 

William  A.  Graham  having  died,  James  B.  Beck,  of  Kentucky,  was 
iq>pointed  in  his  st«ad. 

The  arbitrators  made,  in  1877,  the  following  award,  viz: 

Beginning  at  the  point  on  the  Potomao  Biver  wbei«  the  line  between  Tirglnift  and 
West  Virginia  strikea  the  aaid  riTei  at  low-water  mark,  and  thence  following  the 
meanderingg  of  lald  rtvei  by  the  low-water  mark  to  Smith'it  Point,  at  or  near  the 
month  of  the  Potomac,  in  the  latitude  37°  SJ'  8"  and  longitnde  76°  13'  46" ;  theuoe 
oroaaing  the  waters'  of  the  Chesapeake  Bay,  by  a  line  mnning  north  66°  30'  east, 
about  nlno  and  a  half  naatloal  miles  to  a  point  on  the  western  aharB  of  Smith's 
Island  at  the  north  end  of  &aMafraB  Hammock,  in  latitude  37°  bV  13",  longi- 
tude 76°  S'  52f' ;  thence  across  Bmith's  Island  sonth  88°  30'  east  five  thonaand  six 
hundred  and  twenty  yards  to  the  center  of  Horse  Hammock,  on  the  eastern  ahore 
of  Smith's  Island,  in  latitude  37''  G7'  8",  longitude  75°  SS*  SO" ;  thence  sonth  79° 
30'  east  four  tbonaaud  eight  hundred  and  eighty  yards  to  a  point  marked  "A." 
on  tiie  accompanying  map,  in  the  middle  of  Tangier  Sonnd,  in  latitude  37°  5ff 
4it",  longitude  75°  56'  33",  said  point  bearing  from  James  Island  light  aonth  54° 
west,  and  distant  from  that  light  three  thonaand  five  hundred  and  sixty  yards ; 
theooe  south  10°  SC  west  four  thousand  scTen  hundred  and  forty  yards  by  a  line  di- 
viding the  waters  of  Tangier  Sonnd,  to  a  point  where  it  intersects  the  straight  line 
£rom  Smith's  Point  to  Watkins  Point,  said  point  of  Intersection  being  In  latitude  37^ 
M'  SI",  longitude  75°  56'  65",  beating  from  Jomea  Island  light  south  S9°  west  and 
from  Horae  Hammock  south  34°  30*  east.  This  point  of  intersection  is  marked  "  B" 
on  the  accompanying  map.  Thence  north  85°  l!^'  east  sis  thousand  seven  hundred  and 
twenty  yards  along  the  line  above  mentioned,  which  runs  from  Smith's  Poiut  to  Wat- 
kias  Point  until  it  reaches  the  latter  spot,  namely  Watklns  Point,  which  la  in  lati- 
tude 37° 64' 38",  longitude 75°  SS'  44".  From WatklnsPoint  the bonndory Una  mua 
due  east  seven  thoesand  eight  hundred  and  eighty  yards  to  a  point  where  it  meets  a 
line  mnnlog  throngh  the  middle  of  Pocomoke  Sound,  which  is  marked  "  C  "  on  the 
oeeompanying  map,  and  is  in  latitude  37°  54'  38",  longitude  75°  47'  50" ;  thence  by  » 
Tine  dividing  the  waters  of  Pocomoke  Sonnd  north  47°  30'  east  five  thousand  two 
hundred  and  twenty  yards  to  a  point  In  said  sound  marked  "  D  "  on  the  acoompoiiy- 
ing  map,  iu  latitnde  37°  W  35",  longitnde  75°  46'  96" ;  tkenee  following  tiie  mtddl* 
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ofPonooioke  Rim  b<r  a  line  of  irregnlar  cdftw,  as  laid  dowtt  on  the  BCOompuiyiDg 
mail,  notil  it  ioteraacta  the  weatwud  protroctioli- of  the  buDndary  IIdb  marked  by 
Snrborough  ttud  Calvert,  Hay  U8,  1668,  at  a  poiot  in  the  middle  of  Poooinohe  Biver, 
iDd  in  the  latitude  37°  59*  37",  loDgitnde  75°  37'  i" ;  thenee  by  the  Bcarborongh  and 
(.'■Ivert  line,  which  muB  5°  lEi'  north  of  eatt,  to  the  Atlantic  Ooean. 

Xhelatitodea,  longitndea,  couraM,  and  dlHtanoes  here  given  bare  been  meaBured  apon 
th?  Coaat  Chart  No.  S3  of  U.  8.  Coast  Snrvey,  sheet  No.  3,  Cheanpeahe  Bay.  *  •  • 
The  middle  thread  of  the  Pocnmoke  River  and  the  low-water  mark  on  the  Potomao 
RiviT  aretobeneaanred  from  headland  to  headland,  without  coniideriBg  or  following 
amw,  inlelA,  creeke,  baja,  or  afBnent  rivera.  ■  •  •  {Vidt  U.  S,  Stat,  at  Large, 
Vof.XX.p.4Pl.) 

XbiK  award  waa  ratified  by  the  States  of  Maryland  and  TirgiDia,  and 
ronflmied  by  Cungresa  in  1879. 

Ill  l$79-'80  acta  were  passetl  by  the  legislatoree  of  Maryland  and 
Virginia  to  apiioiiit  commis.'^ioners  and  to  request  the  General  Govern- 
ment to  de»i{(uate  one  or  more  officers  of  tlie  Engineer  Corps,  said 
coomiissioiierK  and  officers  to  survey  and  mark  said  line  and  erect  monu- 
ment a  tliereon. 

Weet  Virginia  baviug  been  formed  from  a  part  of  Virginia  and  ad- 
mitted into  the  nuloii  in  1862,  the  western  boundary  of  Maryland  now 
wparates  it  from  the  State  of  West  Virginia. 

The  commiseioners  appointed  in  1859  by  Virginia  and  Maryland  {vide 
11.84)  surveyed  the  western  boundary  from  the  "Fairfax  Stone"  (the 
flret  fountain  of  the  Potomac)  dne  north  to  the  Pennsylvania  liue,  and 
the lejpslatare  of  Maryland  in  1860  passed  an  act  declaring  that  line  to 
to  be  its  western  boundary. 

From  the  "Fairfax  Stone"  the  boundary  between  Maryland  and  West 
VirgJDia  runs  along  the  south  bank  of  the  Potomao  Biver  till  it  strikes 
the  line  between  Virginia  and  West  Virginia. 

(Fm  b  history  of  the  placing  of  the  Fairfax  Stone,  vide  Virginia,  p.  90.) 


DI8TBI0T   OF  COLtJMBIA. 

On  tbeSth  day  of  September,  1774,  the  Continental  Congress  met  at 
Philadelphia.  Two  years  later  they  adjourned  to  Baltimore.  During 
tbe  ReTolution  and  subsequent  to  the  treaty  of  peace  they  met  In  vari- 
ous places.  After  the  close  of  the  war  much  debate  took  place  in  re- 
gard to  the  location  of  a  permanent  seat  of  the  Government  of  the 
United  States.  Several  States  made  propositions  to  Congress,  offering 
to  cede  certain  lands  for  the  purpose,  but  no  determiuation  of  the  loca- 
tion was  made  by  Congress  until  1790. 

Aet  of  cesaiim  from  the  State  of  Maryland,  passed  Deceti^er  23, 1788. 

On  the  23<1  of  December,  1788,  the  Stiite  of  Maryland  passed  tbe  fol- 
lowing act,  viz : 

Br  il  oumM  h>  "m  gmeral  aammilg  o/  Jforirlaiul,  That  the  lepreeonta^vaa  of  tbk 
(641) 
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State  in.  the  Houm  of  Bepresenttttivos  of  the  Congiess  of  the  United  State*,  ftppaiated 
to  uaemble  at  New  York,  on  the  first  Wednesd«T  of  Ufticb  nest,  be  and  the;  are 
hereby  aathortzed  uid  required  on  the  behalf  of  thU  State  to  cede  to  the  CongresH  of 
the  United  States,  any  diElrict  in  this  State  not  oEoeeding  ten  milea  tqaare,  which  ihe 
Congreaa  may  fix  upon  and  aocept  foe  tbe  seacof  tcoTemment  of  the  United  States. 

.  Id  tbe  following  year  (December  3, 1789],  the  State  of  Virginia  passed 
a  simiiar  act,  of  which  the  following  is  an  extract: 

Bt  it  Aerefort  enacted  hg  Ike  general  tutemblg,  That  a  tmot  of  country  not  exceeding 
ten  miles  square  or  any  leMer  qnantity,  to  be  locuted  within  the  liuiittt  of  the  Stale, 
and  iu  any  part  thereof  as ConKreesmay  by  law  direct  shall  be,  and  theeame  is  hereliy, 
forever  ceded  and  relinqoished  to  the  CongreM  and  Government  of  the  United  8tatc«, 
in  fnll  and  absolute  right  and  exclusive  jurisdiction,  aa  well  of  saidaoil  as  of  peisous 
rcHtding  or  to  reside  tberron,  pnrsuaut  to  the  tenor  and  effect  of  the  eighth  »ectii>n 
of  the  Ist  artiole  of  the  Constitution  of  the  Government  of  the  United  Stales. 

After  long  discussion,  CoDgreas  in  1790,  in  view  of  the  foregoing  ces^ 
sions  of  Maryland  and  Virginia,  passed  the  following  act,  viz : 

AK  ACT  tot  Htabllabiiic  the  teaponr;  ud  pannaoent  neat  or  coTenuB«at  of  the  Ualud  State*. 
Approred  July  IB,  niH). 

Skct.  ].  Beit  enacted  bg  the  Senate  and  Honte  t^f  BepreeentaUtei  of  the  United  Statee  of 
America  in  Cosgrem  ataemhled,  That  a  distriot  of  territory,  not  exceeding  ten  mile« 
nquare,  to  be  locateil  as  hereafter  directed  on  the  liver  Potowmao,  at  some  plac«  be- 
tween the  mouth  of  the  Eastorn  Branch  and  Counoyooheque,  be,  and  the  same  in 
hereby,  accepted  for  the  permanent  seat  of  the  goreminent  of  the  United  Statee. 
Promded  nervlkelei*.  That  the  operation  of  tbe  laws  of  the  State  within  sach  district 
■ball  not  be  alfeoted  by  thisacceptanceantiltbetimefixedfor  tberemoralof  tbegov., 
eminent  thereto,  and  until  Congress  shall  otherwise  by  law  provide. 

Sect.  2.  And  be  it  further  e*aeied.  That  the  President  of  tbe  United  States  be  antbor- 
l*ed  to  appoint,  and  by  supplying  vacauoies  happening  from  refusals  to  act  or  other 
eaoaea,  to  keep  in  appointment  as  long  as  may  be  neoeaaary,  three  oommlsilODera, 
who,  or  any  two  of  whom,  shall,  under  the  direction  of  the  President,  survey,  aod  by 
proper  metes  and  bounds  define  and  limit,  a  distriot  of  territory,  under  the  limitations 
above  mentioned  i  and  the  district  so  defined,  limited,  and  located  shall  be  deemed 
tbe  district  accepted  by  thia  act  for  the  permanent  seat  of  the  government  of  thn 
United  States. 

Skct.  3.  And  be  it  enacted,  That  the  said  comraiasioners,  or  any  two  of  them,  shall 
have  power  to  purchaaeoraocept  such  quantity  of  laud  on  the  eastern  side  of  the  said, 
river  within  the  said  distriot  as  the  President  shall  deem  proper  for  the  use  of  the 
United  States,  and  aooordiug  to  snob  plans  as  the  President  shall  approve,  ^la  aaid 
oommissioners,  or  any  two  of  them,  shall,  prior  to  tbe  first  Monday  in  DeoMubor  in 
the  year  1600,  provide  suitable  buildings  for  the  acoommodation  of  CongroM,  and  of* 
the  Prealdsnt,  and  for  the  public  offloes  of  tbegovenunent  of  the  United  States. 

Seot.  4.  And  be  it  emaeled.  That  for  defraying  the  expenses  of  snob  pnichMes  ami 
bnildlags  the  President  of  the  United  Slates  be  authorized  and  requested  to  acoei>t 
grants  of  money. 

Sbct.  5.  And  be  it  enacted.  That  prior  to  the  first  Monday  in  December  next  all  offlcen 
attached  to  the  seat  of  government  of  tbe  United  States  shall  be  remOTod  to,  and 
on  til  the  first  Monday  in  December  In  the  year  IBOO  shall  remain  at,  the  oity  of  Phlla- 
dfllpbia,  in  the  StaU  of  Pennsylvania,  at  which  place  the  aeMion'of  Congress  next 
ensuing  the  present  shall  be  held. 

SlOT.  6.  And  be  il  enacted.  That  on  tbe  first  Monday  in  Deoembsr,  in  ths  year  1;«>U, 

the  Beat  of  the  government  of  the  United  States,  shall,  by  virtue  of  thisaet,  betrann- 

fbrred  to  the  distriot  and  place  aforesaid.     Aiid  all  offloes  attached  to  tbe  said  seat  of 

goverameni  shall  accordingly  be  Mmoved  thereto  by  their  Tcspeotlva  holders,  and 
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■bill,  after  tb«  said  da;,  ceaav  to  be  exercised  elmirlieTe,  and  that  the  a«ocMar;  ex- 
pense of  said  removal,  Bball  be  defrayed  ontof  tlie  duties  on  imposts  and  tonnage,  of 
whicfa  a  snfficient  sum  is  hereby  appropriated. 

In  tbe  foUowiDg  year  tbe  foregoing  act  vas  amended,  in  order  to  in- 
clode  a  portion  of  the  Bastern  Branoh,  and  tlie  town  of  Alexandria 
tnthin  the  limits  of  tbe  district. 

The  following  is  the  act  of  amendment : 

3,  irei. 

£t  it  enacted,  ^o.,Tbat*a  rnnoh  of  the  act  entitled  "An  act  foreetabliehlngtbetem- 
fonxy  and  peimaneDt  seat  of  the  government  of  the  United  States,  as  reqniree  that 
the  whole  of  the  di atrial  of  territory,  not  exceeding  ten  coiles  square,  to  be  located  on 
Ihe  river  Fotowmao,  for  the  permanent  seat  of  the  government  of  the  United  States, 
nball  be  located  above  the  month  of  the  Eastern  Branoh,  be  and  is  hereby  repealed, 
ind.that  it  shall  be  lavrful,  for  the  President  to  make  any  part  of  the  territory  bi'low 
uld  limit  and  above  the  month  of  Hnntlng  Creek,  a  part  of  the  said  district  so  an  to 
iaclnde  a  oonveninut  port  of  the  Eastern  Branch,  and  of  the  lands  lying  on  the  Inwer 
.tide  thereof  1  and  also  the  toivn  of  Alexandria,  and  the  territory  xo  to  beinolnded 
^11  form  a  part  of  the  district  not,  ejLoeeding  ten  mites  squ^e  fur  the  permanent 
leat  of  the  government  of  the  United  States,  in  like  manner,  and  to  all  tntenta  and 
jiarpoaee,  as  if  the  same  had  been  within  the  tbe  parvievr  of  the  above  reoiled  act' 
Prtfidtd,  Tbat  nothing  herein  contained,  ehall  anthorize  the  erection  of  the  public 
hniUiugs,  othetwiae  than  on  theMaryland  eideof  the  river  Potowmao,  aenqniredby 
the  aforesaid  act. 

•  In  pursuance  of  the  foregoing  acts,  three  commissioners  were  ap- 
pointed, who  made  preliminary  snrveya  of  tbe  territory,  and  on  the  30tls 
day  of  March,  1791,  George  Washington,  President  of  the  United  States,, 
issued  a  proclamation,  in  which  the  bonnda  of  the  said  District  were 
defined  as  follows,  viz: 

Beginning  at  Jones'  Point,  being  the  npper  cape  of  Banting  Creek,  In  Virginia,  and 
at  an  angle  in  the  outset  of  4&°  west  of  tbe  north,  and  rnnning  in  a  direct  line  teu 
nilM  for  the  first  line ;  then  begiuuing  again  at  tbe  same  Jodm'  Point  and  running 
anoUMT  direot  line  at  a  right  angle  with  the  first,  aoroes  tbe  Potomac,  ten  miles  for 
the  aeooBd  line;  then,  from  the  terminations  of  the  said  flrat  and  second  lines,  mu- 
otng  tw»  other  direct  Unea,  of  t«n  miles  eacb,  tbe  one  crossing  the  Potomac  and  (he 
other  the  Eastern  Branch  aforesaid,  and  meeting  each  other  in  a  point. 

In  1800  Congress  removed  to  this  District.  In  the  following  year 
the  District  vas  divided  into  two  counties,  as  follows,  viz: 

mmSD    STATES     BTATUTEa     AT     LAROE,    SIXTH     COKORESS,    8ECOHD     9E8610N,    18U1, 
(CHAPTER  XV). 

AH  ACT  cxmoenilDX  the  tHitrlot  of  Colanibls. 

lite  mid  District  of  Colnmbia  shall  be  fenced  into  two  conuties.  One  county  sbfill 
sontaiD  all  that  part  of  said  District  which  lies  on  the  east  side  of  the  river  Potonmi:, 
togetber  with  the  Islands  therein,  and  shall  be  called  the  county  of  Washington,  tba 
otbat  eonnty  shall  contain  all  that  part  of  said  District  which  lies  on  the  west  side  of 
Mid  riTsr,  and  shall  be  called  the  coonty  of  Alexandria ;  and  tbe  said  river,  in  its 
whdia  oonrae  throngh  said  District,  shall  be  taken  and  deemed  to  all  Intent!  and  pniw 
■prmem  to  be  within  both  of  said  counties. 
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In  1846  CoDgresB  passed  an  act  retrocediDR  to  tbe  State  ef  Tirgioia 
tbat  part  of  the  District  of  Colnmbia  originally  ceded  to  the  United 
States  by  VirgiDia.    Tbe  foUowiog  is  an  extract  from  said  act  of  retro- 

CflBBJOD  : 

Tb&t  with  assent  of  tbo  people  of  the  county  and  tonn  of  Alexandria,  to  be  aioer- 
tiuned  Bs  hereiDaft«i  pre«oribe<l,  uU  of  tbat  portion  of  tbe  District  of  CoIniublftMded. 
to  the  United  BUt«s  by  tbe  State  of  Viigiala,  and  ftll  the  rights  ftud  jntiAdiotton 
therewith  cedc4  over  tbe  eame,  be,  and  tbe  name  are,  hereby  ceded  and  forerer  i» 
linqnlehedto  the  State  of  VirKiniain  fall  audabaolnte  right  andjnriadiction,  ••  weH 
of  Mil  aa  of  peraons  reaidiDg  or  to  reelde  tbereon. 


VIBGIBIA. 

Id  the  year  1606  King  James  I  of  England  granted  the  "  First  Olutr- 
ter  of  YirgiDla."    The  boandaries  therein  described  are  as  follows,  viz: 

'  *  *  Sitnate,  lying)  or  being  all  along  tbe  mib  ooaflta,  between  fiiur  and  tblrty 
df  1,'Teee  of  nortfaerly  latitude  from  tbe  equinoctial  line,  and  five  and  forty  degrees  of 
the  same  latitude,  and  in  the  main  land  between  the  aame  fonr  and  thirty  and  Ave 
anil  forty  degrees  and  tbe  islands  tberennto  adjacent,  or  within  one  bnndred  miles  of 
tbo  coaet  thereof.     ■     •     ■ 

Soon  after,  in  1609,  a  new  charter  was  granted,  called  the  "  Second 
Charter  of  Virginia,"  which  defines  tbe  bonndaries  in  the  following 
terms: 

■  *  *  Situate,  lying,  and  being  in  tbat  part  of  America  called  Virginia,  from 
the  point  of  land  called  Cape  or  Point  Comfort,  all  along  the  sea  coast  to  tbe  north- 
ward two  bundred  miles,  and  ftom  the  said  point  of  Cape  Comfort  all  along  the  w» 
coast  to  tbe  aouthwaid  two  bundred  miles,  and  alt  that  space  and  circnit  of  land 
lyiiig  irom  tbe  sea  coast  of  tbe  precinot  aforesaid  up  into  tbe  land,  througbont  from 
sea  to  sea,  west  and  nortbweat,  and  also  all  tbe  ialaoda  lying  within  one  hnndred 
miles  along  tbe  coast  of  botb  eeas  of  tbe  precinct  aforesaid.    ■    ■    ■ 

Id  1611-'12  the  "Third  Charter  of  Virginia"  was  granted,  whidiwas 
an  enlargement  of  the  second,  of  which  the  following  is  an  extract: 

All  and  singnloT  those  Islands  wbat«o«Ter,  situate  andbetnginanypartof  tbeooean 
seas  bordering  upon  tbe  coast  of  onr  said  first  colony  In  Virginia,  and  being  within 
three  hundred  leagues  of  any  of  the  portes  heretofore  granted  to  tbe  said  treasurer 
and  company  in  onr  former  lett«rs-pBtentB  as  aforesaid,  and  being  within  or  between 
the  one-and -fortieth  and  thirtieth  degrees  of  northerly  Utitnde. 

These  boandaries,  as  will  be  seen,  included  territory  composing  wholly, 
or  in  part,  the  present  States  of  PennsylTania,  Delaware,  Harj'laDd, 
!North  and  South  Carolina,  in  addition  to  others  formed  siDce  tbe  Bevo- 
lation. 

This  Iftrge  extent  of  territory  was  redaced  in  the  first  instance  by  the 

charter  of  Maryland  in  1632,  next  by  the  charters  of  Carolina  in  1663 

And  1665,  then  by  the  charter  of  Pennsylvania  in  16SI,  and,  again,  sab- 

.  sequent  to  tbe  Bevolation,  by  the  cession  to  the  United  States  of  the 

ti^rritory  northwest  of  the  Ohio  River  in  1784;  by  tbe  admission  of 
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Eeotucky  as  an  iudepeudent  State  in  1792,  aiid  lastly  by  the  divisioa  of 
the  territory  of  Tirglnia  in  1862,  by  which  the  new  State  of  "West  Vir- 
ginia was  created  and  admitted  into  the  Union. 

B;  the  constitation  of  1776  Yir^uia  formally  gave  ap  all  claim  to  the 
territory  now  appertaining  to  the  neighboring  States  of  Maryland,  Peno- 
sylvania,  ]^oriJi  and  Soutli  Carolina. 

The  following  is  an  extract  from  the  Virginia  constitution  of  1776 : 

Tbr  lemtoriea  contaiued  withiu  the  Fharteni  erecting  the  coluniea  of  HaTylaud, 
PcnnijIvfLnU,  North  and  South  Carolina,  are  herab;  ceded,  Tolessed,  and  fbrerer 
roii£nncd  to  the  people  of  these  coloniea,  respectirel;,  with  all  the  rights  of  prop- 
Erty,  JDnHdiction,  and  govemnieDt,  and  all  the  rights  whatsoever,  which  might  at 
■ny  tini(<  heretofore  have  been  claimed  b;  Virginia,  except  the  free  navigatioik  and 
hm  ofthe  rivers  Folomaqne  nod  Pokonoke,  with  the  property  of  the  VirKinla  shorea 
•nd  BtrandB  bordering  oo  either  of  said  rivers,  and  all  Improvements  which  have  been 
or  dull  be  made  thereon.  The  weetcm  and  northern  extent  of  Virginia  shall,  in  all 
other  Tcapects,  stand  as  fixed  by  the  charter  of  King  Jame«  I,  in  the  year  one  then- 
Kind  six  bnndred  and  nine,  and  by  the  pablio  treaty  of  peace  between  the  courts  of 
Britain  and  France  in  the  year  one  thousand  seven  hundred  and  sixty-thiee,  anlMa 
l>Taet  of  the  legislature  one  or  more  governments  be  eitabliahed  westwards  of  the 
Altrghaoy  Hoantaina. 

In  the  mean  time  a.grant  of  territory  had  been  made,  within  the  pres- 
ent limits'of  Virginia  and  West  Virginia,  which  caaued  great  disaatJs- 
faction  to  the  people  of  the  Virginia  Colony,  and  which  ultimately  had 
aD  important  bearing  in  settling  th«  divisional  line  between  Maryland 
and  Virginia. 

la  the  2lBt  year  of  Charles  II  a  grant  was  made  to  Lord  Hapton  and 
olbera  of  what  is  called  the  northern  neck  of  Virginia,  which  was  Bold 
by  the  other  patentees  to  Lord  Cnlpeper  and  confirmed  to  him  by  letters- 
patent  in  the  fourth  year  of  Jamea  II.  This  grant  carried  with  it  noth- 
ing bnt  the  right  of  soil  and  incidents  of  ownership,  it  being  expressly 
Kubjected  to  the  jurisdiction  of  the  government  of  Virginia.  The  trace 
of  laud  thereby  granted  was  "  bounded  by  aud  within  the  he»ds  of  the 
rivers  Tappahannoch,  alias  Bappahannock,  and  Qairiough,  alias  Fato- 
mac,  rivers."  On  the  death  of  Lord  Cnlpeper,  this  proprietary  tract 
descended  to  Lord  Falri'ax,  who  had  married  Lord  Culpepei's  only 
daughter. 

As  early  as  1729  difficulties  Bpning  up,  arising  &om  conflicting  grants 
fr»m  Lord  Fairfax  and  the  Crown. 

In  1730  Virginia  petitioned  the  King,  reciting  that  the  head  springs 
of  the  Rappahannock  and  Potomac  Bivers  were  not  known,  and  pray- 
ing that  such  measures  might  be  taken  that  they  might  be  ascertained 
to  the  satisfaction  of  all  parties. 

In  1733  Lord  Fairfax  made  a  similar  petition,  asking  that  a  commis- 
Mon  might  issne  for  running  ont,  marking,  and  ascertaining  the  true 
bouadaries  of  his  grant. 

An  order,  accordingly,  was  issued  and  three  commissioners  were  a[h 

pointed  on  the  part  of  the  Crown  and  three  on  the  part  of  Lord  Fair&x. 
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The  doty  wbicb  devolved  npoa  these  commiaaionera  was  to  ascertain 
by  actaal  examioatlOD  and  survey  the  respective  fouotains  of  the  Bap- 
pahannock  and  Potomac  Bivers.    This  survey  was  made  in  1736. 

The  report  of  the  oommissioaers  was  referred  to  the  conned  for  plau- 
tatioD  afEatrs  in  1738,  who  reported  their  decision  in  1745,  aa  follows, 
viz: 

*  *  *  The  said  bonndary  ought  to  begin  ftt  the  tint  spriog  of  the  Math  branoh 
of  the  river  Rappahanuoclt,  and  that  the  said  boundary  be  bom  thence  drawn  in  a 
straight  line  northwest  to  the  place  in  the  AUegbauy  Moontains  where  that  part  of 
the  Potomac  River,  which  ia  now  oallad  Cohongoroota,  first  rises.     ■     •     • 

This  report  was  confirmed  by  the  King,  and  commissioners  were  ap- 
pointed to  run  and  mark  the  dividing  line  accordingly. 

The  line  was  ran  in  1746.  On  the  17th  day  of  October,  1T46,  they 
planted  the  Fairfax  stoue  at  the  spot  which  had  been  described  and 
marked  by  the  preceding  commissioners  as  the  true  head  spring  of  the 
Potomac  Kiver,  and  which,  uotwithstandiog  much  controversy,  has 
continued  to  be  regarded,  from  that  period  to  the  present  time,  as  the 
soathem  point  of  the  weBt«m  boundary  between  Virginia  and  Mary- 
land. ( Vide  Faulkner's  Keport  to  Governor  of  Virginia,  1832,  For  full 
details,  vide  Byrd  Papers,  1S66,  Vol.  II,  p.  83  et  seq.  Also  Hening's 
Va.  Statutes.) 

This  tract  of  country  was  held  by  Lord  Fairfax  and  his  descendants 
many  years,  but  subsequent  to  the  Revolution  the  quitrents,  charges, 
etc,  were  abolished  and  it  became  in  all  inspects  subject  to  the  juris- 
diction of  Virginia. 

(For  the  history  of  the  settlement  of  the  boundary  lines  between  Vir- 
ginia and  Maryland,  vide  Maryland,  p.  83.) 

(For  a  history  of  the  boundary  between  Virginia  and  Peniwylvaoia, 
vide  Pennsylvania,  p.  80.)  • 

Kentucky  formed  originally  a  part  of  the  county  of  Fineastle,  Vir- 
ginia. In  the  year  1776,  this  connty  was  divided  into  three  coanties, 
the  westernmost  of  which  was  called  Kentucky  County,  and  its  eastern 
boundary  was  declared  to  be  as  follows,  viz : 

A  line  beginning  on  the  Ohio,  at  the  month  of  Great  Sandy  Creek,  and  ronning 
np  the  same  and  the  main  or  northeasterly  branch  thereof  to  the  Great  Laurel  Ridg« 
at  Caniberland  UouDtalua ;  thence  southwesterly  along  the  said  mountain  to  the  liii» 
of  North  Carolina,     (gee  Hening^s  Stalntea,  Virginia,  Vol.  9,  p.  257.) 

Kentucky  having  been  admitted  into  the  Union  June  1, 1792,  com- 
missioners were  appointed  in  1798  by  Virginia  and  Kentucky  to  fix  the 
boandary.  In  1799-1800  the  commissioners'  report  was  made  and  rati- 
fied by  the  States.     It  was  as  follows,  viz : 

To  begin  at  the  point  where  the  Carolina,  now  Tennessee,  line  ciosaestbe  top  of  the 
Cumberluid  Uoiintains,  near  Canilwtiand  Gap,  thence  northeantwardly  along  the  t«p 
or  highest  part  of  Ihe  said  Cumtierland  Mountain,  keeping  Ijetweeo  the  head  waters 
of  Cnniberland  and  Kentucky  Rivers,  on  Ibe  west  side  Ihcreiit',  imi)  tirr  iienil  wntent 
(if  Powell's  an<l  Gneet's  Bivvnt,  and  the  Pouil  Fork  iif  tjaudy,  «u  Ihe  «u»i  oide  theiof, 
oootinning  along  the  said  top,  or  highest  )>art<  of  said  uioiinisin.  crouiiiig  lliu  road 
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Inding  over  the  same  at  tlie  Little  Faint  Qap,  irher«  by  some  it  ia  called  the  HoUow 
MoontaiD  and  wliere  it  terminates  at  tlie  West  Fork  of  Sandy,  comuoikl;  called  Bua- 
hII'b  Fork,  thence  with  a  line  to  t>e  mn  north  45'^  east  till  it  iuteneots  the  other  gn'at 
phneipal  braoeh  of  Sand;,  codiidodI;  called  the  Nortbeaatnanlly  branch,  thence 
deantbesaid  Northeastwardlybranehtaitsjauctiouirith  the  main  west  branehand 
deirn  IWn  Sand;  to  iu  emflaence  with  the  Ohio.  (See  Shepard's  Titginia,  Vol.  9> 
p.834.) 

It  will  be  seen  that  the  latter  part  of  this  line  is  the  present  line  be- 
tween West  Virginia  and  Kentucky. 

(For  the  history  of  the  settlement  of  the  bonadariea  between  Vir^rinia 
and  North  Carolina,  viSe  N'orth  Carolina,  vide  p.  94.) 

In  1779  Virginia  and  North  Carolina  appointed  commisBioners  to  run 
the  boandary  line  between  the  two  States  west  of  the  Alleghany  Moun- 
taius,  on  the  parallel  of  36<>  SCK.  The  commissioners  vere  unable  to 
agrfe  on  the  location  of  the  parallel ;  they  therefore  ran  two  parallel 
lines  two  miles  apart,  the  northern  known  as  HeDderson's,  and  claimed 
by  North  Carolina,  the  sonthem  known  as  Walker's  line,  and  claimed 
by  Vii^nia.  In  the  year  1789  North  Carolina  ceded  to  the  United  States 
all  territory  west  of  her  present  bonndaries,  and  Tennessee  being  formed 
&om  Bald  ceded  territory,  this  question  became  one  between  Virginia  and 


Commissioners  having  been  appointed  by  Virginia  and  Teunessee^to 
establish  the  boandary,  their  report  was  adopt«d  in  1803,  and  was  as  fol- 
lows, viz: 

Adne  weat  line  equally  distant  from  Inth  Walker's  and  Henderson's,  bej^ning  on 
dM  cnnunit  of  the  monntaln  generally  known  as  White  Top  Mountain,  wheie  the 
narthcaat  oamer  of  Tennesaee  terminates,  lo  the  top  of  the  Cnmlierland  Monntain, 
«b«e  tka  aoaUiweateni  comer  of  Virginia  termlnatea. 

In  1871  Virginia  passed  an  aet  to  appoint  commissioDers  to  a^yast  this 
line. 

Teonessee,  the  foUowiog  year,  in  a  very  emphatic  manner,  passed  a 
icnlntion  refnaiDg  to  reopen  a  question  regarding  a  bonndary  which  she 
eouddered  "  fixed  and  established  beyond  dispute  forerer."  (See  acts 
of  Tennessee,  1872.) 

Up  to  1783  Virginia  exercised  jariadiction  over  a  large  tract  of  oonn* 
tiy  northwest  of  the  Ohio  Kiver.  But  by  a  deed  executed  March  1, 
1784^  she  ceded  to  the  United  States  all  territory  lying  northwest  of  the 
Ohio  Biver,  thus  making  her  western  boandary  the  west  bank  of  the 
Ohio  Biver. 

On  the  31st  of  December,  1862,  the  State  of  Virginia  was  divided, 
and  48  counties,  composing  the  western  part  of  the  State,  were  made 
the  new  State  of  West  Virginia.  By  an  act  of  Congress  in  1806,  con- 
sent was  given  to  the  transfer  of  two  additional  counties  from  Virginia 
loWest  Virginia. 

In  1873  and  1877  commissioners  were  appointed  by  each  State  to 

det^rmhie  the  tme  bonndarjes  between  the  two  States,  and  the  Oeneral 
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Governinent  vas  asked  to  detail  officers  of  engineers  to  act  witti  said 
commiesiouers  in  surveying  and  fixing  the  line. 

Until  their  report  is  at  baud,  thebonndni;  can  only  be  fonnd  by  fol- 
lowing the  old  count?  lines.  In  view  of  the  expectation  of  saoh  report 
at  an  early  day,  it  has  not  been  thought  beat  to  go  into  an  ezaminMion 
of  the  old  connty  lines. 


WEST   VIHGINIA. 

This  State  was  set  off  from  Virginia  on  December  31, 1862.  It  was 
originally  formed  of  those  counties  of  Virginia  which  had  refiised  to 
join  in  the  secession  movement.  It  was  admitted  to  the  ITuiiHi  as  a 
separate  State,  Jnne  19,  1S63.  It  originally  contained  the  following 
counties:  Barboor,  Boone,  Braxton,  Brooke,  Oabell,  Galboun,  Olay, 
Doddridge,  Fayette,  Gilmer,  Greenbrier,  Hampshire,  Hancock,  Hardy, 
Harrison,  Jackson,  Kanawha,  Lewis,  Logan,  Marion,  Uarshal),  Mason, 
McDowell,  Mercer,  Monongali^  Monroe,  Moi^an,  Nicholas,  Ohio,  Pen- 
dleton, Pleasants,  Pocahontas,  Preston,  Pntnam,  £aleigh,  Randolph, 
Bitchie,  Boane,  Taylor,  Tucker,  Tyler,  Upshur,  Wayne,  Webster, 
Wetzel,  Wirt,  Wood,  Wyoming. 

lu  1SG6  it  was  enlarged  by  thetwo  counties  of  Berkeley  and  Jefferson, 
ti-ansferred  from  Virginia.  Its  boundary  with  Virginia  is  made  up  of 
boundary  lines  of  the  border  counties  above  enumerated ;  and  can  be 
defined  only  by  reference  to  the  laws  by  which  these  counties  were 
created.  In  the  constitution  of  1872,  after  a  recapitulation  of  the  ooan- 
tics  which  were  transferred  from  Virginia  to  West  Virginia,  is  found 
the  following  clause  defining  the  boundaries  upon  the  sontb  and  west : 

The  state  of  Wast  Virginia  Inclndes  tbe  bed,  bank,  and  ahoreB  of  the  Ohio  Biver, 
Olid  M>  mocb  of  the  Big  Sandy  Biver  as  wtu  formerly  included  in  the  CommonwBslth 
of  Titginia,  aad  all  territorial  rights  and  property  ia  and  Johadiction  over  the  same 
beTetofore  reserved  by  and  vested  in  the  Co mmon wealth  of  Viiginia,  are  vested  Jn 
and  shall  hereafter  be  exercised  b;  the  State  of  West  Virginia ;  and  snch  porta  of  tha 
■aid  beds,  banks,  and  shores  as  lie  opposite  and  adjoining  the  several  oonntlea  of  thi« 
State  shall  form  parts  of  said  several  counties  rMpectively. 

(For  a  history  of  the  bonndaries  of  West  Vir^nia,  vide  PennsytvaDia, 
p.  79 ;  Maryland,  p.  83 ;  Virginia,  p.  88.) 


NORTH  CABOLIHA. 

In  the  year  1663  the  "  first  charter  of  OaroUna"  was  granted,  whioh, 
^wo  yews  later,  in  1660,  was  enlarged  by  th'e  "  second  charter  ^  Oaro- 
llna.* 
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nieibllowiDgeztractafrom  these  two  charters  define  the  booodariea: 

CkarUr  of  CaroUna,  1663. 

*  *  '  All  that  tenib^  or  trkot  of  gT0iUHl,8citiiftte,l.TlDg  and  beiag  within  our 
dpnlnlofw  of  America,  eztandinf;  from  the  north  end  of  the  Uland  called  Lncke  Island, 
iriiich  li*th  in  the  Southern  Tiiginia  seu,  and  within  six  and  thirty  degrees  of  tlio 
nortbem  latitude,  and  to  the  weat  as  far  aa  the  aonth  was,  and  so  sontherly  as  far  as 
tbariTer  Baint  llattbias,  which  borderethon  the  coaetof  Florida,  and  within  one  and 
thirty  degrees  of  northern  latitnde,  and  so  west  in  a  diraot  line  as  Ear  as  the  south  seas 
■fotea^d.     •    •     ■ 

Ctuuier  of  Carolina,  1666. 

*  *  *  AH  that  province,  territory,  or  tract  of  land,  soilnate,  lying  or  being  in 
onr  dffmlniona  of  America,  aftoresaid,  extending  north  and  eastward  as  f^  aa  the  north 
md  of  Cairitnck  Elver,  or  inlet;  npon  a  atrait  weat«xly  line  to  Wyoaoke  Creek, 
whleh  Itea  within  or  aboat  the  degrees  of  thirty-alx  and  thirty  minntea,  northern  lat- 
itade,  and  so  weat  in  a  direat  line  aa  far  as  the  aonth  aeaB.     ■     ■     • 

This  Is  an  extension  of  the  charter  of  1663,  by  which  its  nortbem 
botmdar;  was  removed  from  the  approximate  latitude  of  36°  to  30°  3<K, 
on  which  parallel  it  is  now  approzimatet;  established,  Althoagh  the 
exaet  year  in  which  the  divisioD  of  the  prorince  of  Carolina  into  the 
two  provinces  of  ITorth  and  Soatli  Carolina  appears  somewhat  nncer- 
taio,  I  Ond  it  generally  pot  down  as  1729,  The  division  line  between 
the  two  provinced,  North  and  South  Carolina,  appears  to  have  been 
established  by  motaal  agreement. 

In  the  constitntion  of  Korth  Carolina  of  1776  this  line  is  deflnecl  as 
showD  in  the  subjoined  extract: 

The  pioperty  of  the  soil,  in  a  fiee  government,  being  one  of  the  essential  rights  of 
tbeeaDeotive  body  of  the  people,  it  is  necessary,  in  order  to  avoid  future  diaputes, 
that  the  limits  of  the  State  shonid  be  ascertained  with  preolsioQ  ;  and  as  the  former 
tmipavary  line  between  Korth  and  South  Carolina  was  confirmed  and  ext«Dded  by 
eoMuiatimien  appoioteil  hy  the  legislatures  of  the  two  Btatos,  agreeable  to  the  order 
of  the  late  King  Qeorge  U  in  conncil,  that  line,  and  that  only,  should  be  esteemed 
the  Bonthem  boundary  of  this  State ;  that  Is  to  say,  begiuing  on  the  aea  side  at  a 
sedar  atake,  at  or  near  the  mouth  of  Little  River  (being  the  southern  extremity  of 
Bmnawio  County),  and  running  fram  thence  a  northwest  coarse  through  the  bound* 
Kj  hooae,  which  stands  in  thirty-three  degrees  fifty-six  minutes,  to  thirty-Bve  de- 
gnca  north  latitade,  and  from  thence  a  west  coniM  so  far  as  is  ruentiooed  In  the 
ekartar  of  King  Charles  II  to  the  late  proprletora  of  Carolina.  Ilierefore,  all  the 
twrftoty,  aeaa,  waters,  and  harbonrs,  with  their  apportonancaa,  lying  between  the 
Uae  abore  described,  and  the  eouthem  line  of  the  State  ot  Virginia,  which  begins 
SQ  tbe  M«  shore.  In  thirty-six  degrees  thirty  minutes  north  latitude,  and  from  tbence 
luiM  weat,  agreeable  to  the  said  charter  of  King  Charles,  are  the  right  and  property 
of  the  |MMple  of  the  State,  to  be  held  by  them  in  sovereignty,  any  partial  line,  with- 
cm  the  DOosent  of  the  legislatnre  of  this  State,  at  any  time  thereafter  directed  nr 
laid  oat  In  anywise  notwithstandlne. 

On  December  2,  17d9,  the  legislature  passed  an  act  ceding  to  the 
United  States  its  western^nds,  now  constituting  the  State  of  Tennes- 
see.   On  Pebmary  25,  IW),  the  deed  was  offered,  and  on  April  2  of 
the  same  year  It  was  accepted  by  the  United  States. 
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[n  the  BeTised  Statutes  the  north  and  soatfa  boaudaries  of  the  State 
are  claimed  to  he  as  follows:  The  northern  bonndary,  the  parallel  of 
36°  SfV;  the  Gonthem  bonndary,  a  line  running  northwest  £rom  Goat 
Island  on  the  coast  in  latltnde  33<>  66*  to  the  parallel  of  35°,  and  thence 
along  that  parallel  to  Tennessee;  while  the  western  boundary  is  the 
Smoby  Mountains.  It  is  strange  that  the  Bevised  Statutes  shonld  ooo- 
tain  such  a  statement  of  the  boundary  lines  when  it  is  thoroughly  wdl 
known  that  it  is  incorrect,  especially  as  regards  the  southern  boundary. 
In  the  case  of  the  northern  boundary  the  intention  has  been  from  the 
earliest  colonial  times  down  to  the  present  to  establish  a  line  ipon  the 
parallel  of  36°  SO*.  This  is  found  to  be  the  wording  of  erery  le^slative 
act  relating  to  it,  and  the  errors  of  this  boundary  are  doe  simply  to 
errors  in  surveying  and  location.  The  following  brief  and  compiehen- 
sive  sketch  of  the  north  and  sontb  boondary  lines  of  this  State,  and  of 
the  various  attempts  made  to  locate  them,  is  taken  from  Professor  Exit's 
"Oeology  of  ^orth  Carolina,"  vol.  I,  page  2: 

"The  Bnt  and  only  serious  sttempt  to  Mcertain  the  uorthem  boamdar;  wia  Uwl 
tuade  in  1728,  b;  Col.  Wm.  Byril,  uid  otJiere,  commiBBiouerH  on  tbs  part  of  the  two 
colonEea,  acting  under  Royal  authority.  From  the  account  given  .by  Byrd  of  this 
undertaking,  it  appears  that  they  started  from  a  point  on  the  coast  whoM  poution 
the;  detetmined  by  obaerration  to  be  In  36°  31',  north  latitude,  and  ran  due  warn 
{correcting  for  the  variation  of  the  compow),  to  Nottoway  Biver,  wheie  tiwy  mad* 
an  ofiaet  of  a  half  mile  to  the  mouth  of  that  stream,  again  ninniDg  wast.  Tha  line 
was  ran  and  marked  243  mUes  from  the  coast,  to  apointio  Stokes  Coouty,  on  th«np- 
per  wateiQ  of  the  Dan  Biver  (on  Peter's  creek)  the  North  Caroliua  commiasionera 
accompanying  the  party  only  about  two-thirds  of  the  diatonoe.  Beyond  this  point, 
the  line  was  carried  some  90  miles  by  another  joint  oommiaajon  of  tba  two  coloniea  in 
1749 ;  this  survey,  terminatiuK  at  Steep  Hock  Creek,  on  the  east  of  Stone  Hoontaia, 
and  near  the  present  northweel  oomer  of  the  State,  was  estimated  to  be  329  miles  btmi 
the  roost.  In  1779  the  line  was  taken  up  again  at  a,  point  on  Steep  Book  Creek,  (^ 
tennined  by  observation  to  bean  (he  parallel  of  36°  30'  (themarka  of  the  previoaa 
snrvuy  having  disuppeared  entirely),  and  carried  west  to  and  l>eyond  Bristol,  Tenn- 
essee.    This  last  is  known  as  the  Walker  line,  from  one  of  the  oommiaeionen  of  Ttr- 

These  lines  were  run  and  the  latitude  obaervations  taken  with  very  imperfeot  in- 
stromenta,  and  the  variation  of  the  compass  was  little  understood,  so  that  it  wfta  not 
possible  to  trace  a  parallel  of  latitude.  The  line,  beaidee,  was  only  marked  on  the 
trees  and  soon  disappeared,  and  an  the  settlements  were  very  scattered  the  loe*' 
tiou  soon  becwtbe  a  matter  of  vague  tradition  and  presently  of  contention  and  litiga- 
tion, so  that  in  1M8,  at  the  instance  of  Virginia,  commissioners  were  appointed  to  re- 
locate the  line  from  the  end  of  the  Byrd  surrey  westward,  bnt  for  some  reason  tiiey 
did  not  act.  In  1870  commisBionera  were  again  appointed  by  Virginia  and  aimilao- 
action  asked  on  the  part  of  this  State ;  nnd  the  proposition  waa  renewed  in  18J1,  bat 
ineffectually,  aa  before.  In  all  these  unmero us  attempts  to  establish  the  line  of  divis- 
ion l>etween  the  two  colonies  and  States,  the  intention  and  the  specific  instmotlaiia 
have  been  to  ascertain  ancl  mark,  as  the  boundary  of  the  two  States,  Hit  poraUel  o/ 
36°  30'.  The  maps  published  towards  the  end  of  last  centnry  by  Jefferson  and  otheia 
gi^e  that  parallel  as  the  line,  and  the  bill  of  righte  of  North  Carolina  olaimv  tiwt 
'■all  the  territory  lying  between  the  line  above  dv^ibed  (the  line  betweeB  Nwtlt 
and  South  Carolina)  and  the  sonthem  line  of  the  State  of  Virginia,  wMoh  be^oa  on 
the  sea  shore  in  36°  30'  north  latitude,  and  from  thence  raos  west,  agreeably  to  th« 
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thuter  of  King  CharlCB,  are  the  right  and  propertj  of  this  State."  But  it  appeaia 
from  tfae  opflrations  of  the  United  StateB  Coast  Sorvoy  at  both  eoda  of  the  line  that 
ibepoiat  of  begiuDiog  on  Cuirituclc  Inlet,  ioetead  of  being,  sssoconstautlraMumed, 
in  latitude  3G°  30',  or  as  determined  by  the  snrvejon  in  17S8,  36^  31'  is  36°  33'  IG", 
ud  the  western  end  (of  "the  Walker  line,"  of  1779,  at  Biiatol,  Teun.)  36°34'aS.5". 
It  i«  stated  in  Byrd's  Journal  that  the  variation  of  the  compass  was  ascertained  to  be 
a  little  less  than  3°  W.  [The  magnetic  chart  of  the  Vuited  Btates  Coast  Survey 
woald  make  it  3°  E.]  And  no  acoonnt  is  given  of  any  sabsequent  correction,  and  If 
none  iraa  made  at  tlie  end  of  the  line  aarveyed  by  him  tlie  conrse  wonld  have  been  in 
eirorby  nearly3°,  as  the  atnoont  of  variation  in  this  State  changes  a  little  more  tliaa 
P  for  every  100  miles  of  easting  or  nesting.  Bo  that  the  northern  boundary  of  the 
State  as  run  is  not  only  not  the  parallel  of  36°  SC,  but  is  far  from  coincident  with 
■oy  parallel  of  latitude,  and  mnat  be  a  snccession  of  eorrea,  nith  their  concavities 
northward  and  connected  at  their  ends  by  north  and  soath  offsets. 

The  BoQthem  bonndaiy  between  this  State  and  South  Carolina  and  Oeorgia  waa 
first  established  by  a  joint  colonial  commission  in  1735  to  1746.  The  commissioners 
ran  a  line  from  Goat  Island  on  the  coast  (in  latitnde  33°  &b"  as  supposed)  NW  to  the 
parallel  of  3S°,  according  to  their  obeervations,  and  then  dne  west  to  within  a  few 
inileeof  the  CBtawbaBiver,Andliere,attheold  Salisbury  and  Charleston  road,  toned 
north  along  that  road  to  the  sontheast  comer  of  the  Catawba  Indian  Lands.  This 
line,  rasorveyed  in  1764,  was  afterwards  (in  1772)  continued  along  the  eastern  and 
aorthera  banndaries  of  the  Catawba  landsto  the  point  where  the  latter  iotersects  the 
Catawba  Biver ;  tbence  along  and  np  that  river  to  the  mouthof  the  South  Fork  of  the 
Catawba,  and  thence  dne  west,  as  enpposed,  to  a  point  near  the  Bine  Bldge.  This 
part  of  the  line  was  resnrveyed  and  confirmed  by  commissioners  under  acts  of  as- 
sembly of  ia03, 1804, 1606,  IH13, 1814,  and  1815,  and  continued  west  to  and  along  the 
Saluda  Honntaias  and  the  Bine  Eidgo  to  the  inteieection  of  the  "  Cherokee  bound- 
iiry"  of  1797,  and  thence  in  a  direct  line  to  the  Cbatooga  River  at  its  inteiseotioa  with 
the  parallel  of  35°.  E^m  this  pcint  the  line  waa  run  west  to  the  Tennessee  line,  be- 
tween this  State  and  Georgia,  in  1607,  and  conAnned  and  established  by  act  of  1819. 

The  boundary  between  this  State  and  Tennessee  was  run,  according  to  tbo  course 
designated  in  the  act  of  1769,  entitled  "An  act  for  the  pnrpose  of  ceding  to  the  United 
Statea  eertain  western  lands  therein  described  "  (the  State  of  Teonessee);  that  is,  along 
the  crest  of  tho  Smoky  Mountains,  &om  the  Ttrgiuia  line  to  the  Catelnche  River  (in 
Baywood  County),  in  1799,  under  act  of  1796.  It  was  continued  from  this  point  to  the 
Oeorgia  line  in  1821.  The  commisBioners  who  completed  tbia  line,  at  the  date  last- 
menlioned,  instead  of  following  their  instructions,  diverged  from  the  crest  of  the 
Sniofcy  (Unaka)  Mountains  at  the  intersection  of  the  Hiwassee  turnpike,  and  run  due 
Mult  to  the  Georgia  line,  thereby  losing  for  the  State  the  valuable  mining  region 
■inoe  known  as  Ducktown. 

And  asto  the  southern  boundary,  the  point  of  beginning  on  Goat  Island  is  in  latitude 
33°  51'  37",  as  shown  by  the  Coast  Survey,  and  instead  of  mnning  from  Goat  Island 
northwest  to  latitude  of  36^  and  thenoe  along  that  parallel,  it  appears,  from  the 
South  Carolina  Cteographieal  StateSurveyof  18U1~W,  that  the  course  from  the  start- 
ing point  is  N.  47°  30'  W.,  and  instead  of  pursuing  the  parallel  of  35°  it  tnms 
west  sbont  10  miles  sonth  of  that  line,  and  (hen  on  approaching  the  Catawba  Eiver, 
tania  northward  pursuing 'a  slgzag  line  to  the  forks  of  the  Catewba  River,  which  is 
■bovt  12  miles  north  of  tliat  parallel;  and  from  this  point  to  the  mountains  the 
baiiBd«ry  line  (of  1772)  runs,  not  west,  but  N.  88°  W.,  bringing  its  weatem  endabont 
n  ■Ilea  too  far  north,  and  reaching  the  (supposed)  parallel  of  35°  at  a  distance  ot 
•boat  130  miles  east  of  tbe  Catawba  River.  The  losaof  territory  resulting  from  the«e- 
iingotf  deviations  is  probably  between  500  and  1,000  square  miles. 

Tbe  following  extract  &om  the  oonBtitatioD  of  1796,  of  Tenaesme, 
(561) 


96  BOUNDARIES  OF  THE   UNITED  STATES.  {luu.  U- 

defines  the  eastern  boundary  of  that  State,  vhicU  ie  tba  weatero  bound- 
ary of  North  Carolina,  as  it  vaa  intended  to  be  ran  and  marked : 

BeglQDiug  01)  tbu  extKmo  height  ol  tbe  Btoue  MonnMiu  at  the  pl«ce  whece  the 
lino  of  Tirgiula  iaterBocta  it  in  latitude  Ihirty-siz  degreM  aud  thirty  minatea  north  ; 
rnnDin|[  thenoe  along  the  Bitnine  height  of  the  eaid  motinUliD  to  the  plaoe  whem 
Watauga  River  breaks  throngh  it ;  thence  a  direct  contM  to  the  top  of  the  Yellow 

.Honntatn,  where  Bright's  road  etoaaeB  the  Bame;  theace  along  the  ridge  of  aaid 
mogntaiD  Itetweea  the  waters  of  Doe  River  and  the  wstera  of  Book  Creek,  to  Uie 
place  ifhet«  the  road  croewi  the   Iron  MoaDlain;  from   thence  along  the  extieoie 

.  height  of  said  monntaiu  to  wbereNoliohnckyEiverranHthtotighthe  same;  thence  to 
tbe  top  of  tbe  Bald  Honatain ;  thence  along  the  extrame  height  of  said  mooDtaln  to 
the  Painted  Rock  on  French  Broad  Biver ;  tbeuoe  along  the  higheat  lidge  of  aald 
moDutain  to  the  plvce  whera  it  ia  ealled  the  Great  Iron  or  Smoky  Honntain ;  tli«noe 
along  the  extreme  height  of  eald  mountain  to  tbe  place  where  it  la  oallad  Uslooi  or 
Unaka  Uonutain  between  tbe  Indian  towns  of  Cowee  and  Old  Chota ;  thenoe  along 
tbe  main  ridge  of  the  aaid  monntain  to  the  sonthem  boandar^  of  thia  Slat*  aa  de- 
•otibedin  the  act  of  ceaaion  of  KortbCatolinato  the  United  States  of  Anierioa. 

In  1879  the  legislatore  passed  an  aot  to  ammint  oommissioQera  to 
make  a  sarvey  &om  the  northeast  comer  of  Georgia  westward.  Thio 
point  of  comiDeocement  ia  common  to  North  Oarolina,  Sootti  Oarolina, 
and  Georgia. 

In  1881  the  legislature  passed  another  aot,  providing  for  the  appoint- 
ment of  a  commiBsioner,  who  should  act  with  commissioners  from  Vir- 
ginia, Soath  Carolina,  Geoi^a,  or  Tennessee,  to  re-run  and  re-mark  the 
bonodaries  between  North  Carolina  and  the  other  States^ 


SOUTH   CAROLINA. 

The  territoi7  indaded  in  the  present  State  of  South  Carolina  was 
included  in  the  charter  of  Carolina,  which  also  embraced  what  is  now 
tiie  State  of  Georgia.    ( Vide  North  Carolina,  p.  93.) 

In  1729  the  province  of  Carolina  was  divided,  forming  tbe  two  pror- 
incesof  North  Carolina  and  Sonth  Carolina.  In  1732  the  extent  of 
South  Carolina  was  reduced  by  the  charter  of  Georgia.  ( Vide  Georgia, 
p.  97.) 

(For  a  history  of  the  settlement  of  the  boundary  between  NorUi  Oar- 
olina and  South  Carolina,  vide  North  Carolina,  p.  93.) 

By  the  charter  of  Georgia  the  line  between  Sonth  Carolina  and  Geor- 
gia was  to  be  the  Savannah  Biver,  to  the  head  thereof.  la  1762  difflcal- 
ties  having  arisen,  coucemiug  tbe  interpretation  of  the  charter,  as  re- 
garded the  head  of  the  Savannah,  and  also  the  title  to  the  lauds  soath 
of  the  Altamaha  River,  Georgia  made  complaint  to  the  King,  wbo 
issued  a  proclamation  in  1763  giving  the  lands  between  tbe  Altamaha 
and  Saint  Mary's  Bivere  to  Georgia.  The  question  of  the  boundaty  on 
the  Savannah,  however,  remained  unsettled  until  1787,  when  a  ooavea- 
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tioD  between  fhe  two  States  was  held  at  Beaufort,  B.  O.,  to  ddtermiiie 
the  same,  and  the  line  was  fixed  as  at  present 
The  followhigiB  an  extract  fVom  the  artioleB  of  agreement: 

Tlw  moat  noTlbcm  bntach  or  HlTMun  of  tb«  rivet  B«v&mutb  from  tbe  aes  or  mouth 
of  moh  ^r^^tn  to  the  fork  OTConflDBUce  of  the  riveiii.now  called  Tagalob  &nd  Eeowa, 
ud  from  theiic«  the  moat  northern  bntnoh  or  atream  of  the  uid  rirer  Tii((k1oo  till  it 
iDt«neet«  tbe  northecn  boandary  line  of  Sontb  Carolioa,  if  the  ai^d  braucb  ot  atream 
of  Tagaloo  ext«HdB  bo  far  Dotth,  rMerrlog  all  the  ialAiidB  la  tbe  said  riven  Savannah 
ud  Tnsaloo  to  Qeorgia ;  bat  if  tbe  head  Bpring  or  aouice  of  an;  branch  or  atream  of 
tlu  aaid  river  Togaloo  does  not  extend  to  the  north  boundarf  line  of  Sonth  Carolina, 
tlwB  a  weal  line  to  the  Hluiuappi,  to  be  drawn  fcom  the  bead  spring  or  source  of  the 
nid  bnweh  or  atream  of  Togaloo  Eiier  irhioh  extends  to  tbe  highest  northern  latitude, 
Asll  loTSver  hereafter  form  the  separaUon,  limit,  and  boondary  between  tbe  State* 
of  SMtk-Carolina  and  Georgia.    (Laws  of  the  United  States,  ToL  I,  p.  466. ) 

In  tbe  same  year  Soath  OaioliDa  ceded  to  tJie  United  States  a  nar- 
row strip  of  territory  math  of  the  Vorth  Carolina  line,  which  she  claimed, 
aboat  12  or  14  miles  wide,  and  extending  to  the  MiSHiBsippi  Biver ;  this 
Blrip  now  forma  the  northern  portion  of  Georgia,  Alabama,  and  Missis- 
aipin.  Georgia  being  tbiis  increased  in  extent  northwardly,  tbe  line 
between  the  two  States  is  clearly  expressed  in  tbe  code  of  Sontb  Caro- 
lina, aa  ibIlowB,  viz: 

Tbe  BaTatinah  RWer,  from  its  entranoe  Into  the  ocean  to  the  oonfinenoe  of  tiie  Tng- 
slsoBtuI  KearwaBiTBia;  thence b;  the TngalooBlver  totbeoonflattioeottheTog^oo 
SUA  ChatAOfa  Itl>«n;  tbenoe  b;  the  Chatooga  Biver  to  tbe  North  Carolina  line  lu 
the  thirtj-flfth  degMe  of  north  latitnde,  the  Hue  being  low-water  mark  at  the  sonth' 
tra  shore  of  tbe  moat  northern  stream  of  said  riven,  when  tbe  middle  of  the  rivers 
is  brokea  by  islands,  and  middle  thread  of  tbe  stream  where  the  rivers  flow  in  one 
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Georgia  was  included  in  the  proprietary  charter  granted  to  the  lords 
jffoprietors  of  Carolina  in  1663  and  1665,  for  which  a  provincial  charter 
was  sobBtitatcd  in  1719. 

la  1732  tlie  charter  of  Georgia  as  an  independent  colony  was  granted 
by  King  George  II,  of  which  the  following  is  an  extract: 

All  tboae  lands,  oaaatrys,  and  territories  sitaate,  lying  and  being  in  that  part  of 
Saath  CaKoUna)  in  America,  wbloh  lies  fkom  the  moat  northem  part  of  a  stieain  or 
river  that  a,  eommonly  oalled  the  Savannah,  all  along  the  aea-ooast  to  the  sonthwaid, 
■ato  tbe  iBMt  aonttiam  atreaoi  of  a  oertaiu  other  great  water  or  river  oalled  tbe  Al- 
'■—■ha.  and  westerly  fhim  tbe  heads  of  the  said  rivers,  rsapectively,  in  direct  line* 
to  Uw  aooth  seaa. 

This  charter  was  sorrendered  in  1752  and  a  provincial  government 
estaUislMd.    (C.  ft  C,  p.  360  et  teq.) 

In  17A3  the  territory  between  the  Altamaha  and  Saiot  Uary's  Bivera 
was  aAded  to  Georgia  by  royal  proclanmtion.    (FMe  South  Oarolina, 
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Id  the  conatitatiOD  adopted  by  Georgia  in  1798  the  booudaries  are 
deolioed.    The  following  is  an  extract  tlierelrom : 

The  limiU,  boundaries,  Jarlsdictions,  >tid  Authority  of  the  Btat«  of  Oeorgis  do,  and 
did,  and  of  right  ongitt  to  extend  from  the  sea  or  month  of  the  river  SavaDoah  alonfc 
tbe  Dorthem  branch  or  atream  thereof,  to  the  fork  or  oonfluenoe  of  th'e  riTera  now 
oalled  Tugalo  and  Keowee,  and  fhini  thence  along  the  moat  northern  branch  or  Btream 
of  tbe  said  river  Tngalo,  till  it  inlerBcot  the  northern  bonndaiy  line  of  South  Caro- 
lina, if  the  said  branch  or  atream  of  Tugalo  extends  so  far  north,  reaerring  all  tbe 
ialandeiuthesaidriverBSaTannah  and  Tngalo  to  Georgia;  bnt  if  tlM  bead,  spring,  or 
Moroe  of  any  branch  or  stream  of  tbe  said  river  Tngalo  doea  not  extend  to  the  north 
bonndaiy  line  of  South  Carolina,  then  a  vest  line  to  the  Uisslasippl,  to  be  drawn 
from  the  head,  spring,  or  sonrce  of  tbe  said  branch  or  stream  of  Tngalo  River,  vhioh 
extends  to  tbe  highest  northern  latltade ;  thence  donn  the  middle  of  tbe  said  rlTor 
Uissiasippi,  nntll  it  shall  iotersect  the  northernmost  part  of  the  thirty-fijst  degreeof 
north  latitnde,  sooth  by  a  line  drawn  due  east  trom  the  termination  of  thejlne  last  men- 
tioned, in  tbe  latitnde  of  thirtj-one  deiiTees  north  of  tbe  eqaator,  to  tbe  middle  of 
tbo  river  Apalachicola  or  Cbatahoochee ;  thenoe  along  the  middle  thereof,  toits  jnnc- 
tioQ  with  Flint  River;  thence  straight  to  the  head  of  Saint  Mary's  Biver,  and  thenoe, 
along  the  middle  of  Saint  Mary's  River,  to  the  Atlantic  Oo«an,  and  from  thenoe  to 
the  month  or  Inlet  of  Savannah  River,  the  place  of  beginning,  including  and  oom- 
prehending  all  the  lands  and  wateia  within  the  aald  limita,  boundaries,  and  juiadio- 
tional  rights;  and  also  all  the  islands  within  twenty  leagues  of  tbe  aea-ooaat. 

In  1802  Georgia  entered  into  articles  of  agreement  and  cession  with 
the  United  StateB,  whereby  Georgia  ceded  to  the  United  States  the 
lands  west  of  her  present  boundaries,  and  the  United  States  ceded  to 
Georgia  that  part  of  the  Sonth  Carolina  ceesion  of  1787  which  lies  east 
of  tbe  present  western  bonndaryof  Georgia.  Tbe  following  extracts 
show  the  limits  of  the  two  cessions: 

The  state  of  Georgia  cedes  to  the  United  States  all  the  right,  title,  and  claim  which 
the  said  State  has  to  the  jnrliKtiction  and  soil  of  tbe  lanila  silnated  within  the  bonnd- 
ariee  of  tlie  United  States,  south  of  the  Btat«  of  Tenneeaee  and  weat  of  a  line  begin- 
ning on  the  weatern  bank  of  the  Chatahonohee  Biver  where  the  same  croaaes  tbe 
boundary  line  between  the  United  States  and  Spain  j  running  thence  up  the  aald  riT«r 
Chatahonohee,  and  along  the  weatcm  bank  thereof  to  the  great  bend  thereof,  next 
above  tbe  place  where  a  certain  creok  or  river,  called  "Uchee"  (being  the  first  oon- 
aiderabln  stream  on  tbe  western  aide,  above  the  Cuseetaa  and  Coweta  towna),  empties 
into  the  said  Cbatahonchee  River ;  thence  in  a  direct  line  to  Niok^aok,  on  the  Ten- 
neseee  Biver ;  thence  crossing  the  said  last-mentioned  river,  and  thenoe  ranning  up 
tbe  said  Tenneeaee  River  and  ah>ng  the  western  bank  thereof  to  the  southern  boand- 
ary  line  of  the  State  of  TennesBee. 

The  Unit«d  State*  ■  •  •  cede  to  the  State  of  Qeorgia  '  *  *  tbe  Unds 
*  *  '  situated  aonth  of  the  southern  bonndarles  of  tbe  States  of  Tenneaaee,  North 
Carolina,  and  South  Carolina,  and  east  of  the  boundary  line  herein  above  desoribed 
as  the  eastern  boundary  of  tbe  territory  ceded  by  Georgia  to  tbe  United  Statee. 

For  a  history  of  the  bonndary  between  Georgia  and  Booth  Oarolina, 
vide  Sonth  Carolina,  p.  96. 

The  history  of  the  bonndary  between  Korth  Oarolina  and  Georgia  baa 
already  been  given  (vide  North  Carolina,  p.  95).  It  may  be  proper,  how- 
ever, to  add  that  this  line  {iM  thirty-fifth  degree  of  north  latitode)  was 
fixed  l^  tbe  oesslon  above  detailed,  fivm  the  United  States  to  Oeorg^ 
(564) 
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of  that  part  of  the  South  Carolina  ceaaion  east  of  the  preBent  western 
boundary  of  Qeorgia. 

A  long  controversy  eosned  between  Georgia  and  ITorth  Carolina,  with 
DO  results,  however,  antil  in  1810  Georgia  empowered  faer  governor  to 
employ  Mr.  Andrew  Ellicott  to  ascertain  the  tme  location  of  the  thirty- 
fifth  degree  of  latitude.  Ellicott  did  so,  and  the  point  fixed  by  him 
vae  acquiesced  in.    {Vide  Cobb's  Georgia  Digest,  p.  160.) 

The  bonndaiy  between  Qeorgia  and  Tennessee  was  established  In  1818, 
and  is  as  follows,  viz :  The  thirty -fifth  parallel  of  north  latitude,  begin- 
iiiDg  and  ending  as  follows : 

Beginning  at  a  point  in  the  tme  parallel  of  the  thiity-flfth  degiee  of  north  latitude, 
■B  fnond  bj  James  Conoaek,  mathematioian  on  the  part  of  the  State  of  Georgia,  and 
Jvnea  8.  Oftines,  mathematici&D  on  the  part  of  the  State  of  Teniie«ee,  on  a  n>ok  ttbont 
Ino  feet  higS,  fbnr  inches  thick,  and  fifteen  inches  hroad,  engrared  on  the  north  side 
fbos:  "Jane  1st,  1816;  var.  6)  east,"  and  on  the  eonth  side  thaa :  "  Qeo.  35  North ;  J. 
Cormaok,"  which  rock  stands  one  mile  and  twenty-eight  poles  from  the  sonth  bank  of 
the  Tenneeaee  River,  due  sontb  from  near  the  center  of  the  old  Indian  townof  Nicka- 
Jack,  and  near  the  top  of  the  NioktOaok  Hotintaln,  at  the  anppoeed  corner  of  the  State 
uf  Georgia  and  Alabama;  thence  mnning  dne  east,  leaving  old  D,  Ross  two  milea  and 
eighteen  ^ards  in  the  State  of  Tennessee,  and  leaving  the  bouse  of  John  Boss  about 
liro  bnndred  ^rarda  in  the  State  of  Georgia,  and  the  house  of  David  McNair  one  mile 
and  one-fdnrthof  amlle  in  the  Stateof  Tennessee,  with  blazed  and  mile-marked  trees, 
lessening  tlie  variation  of  the  compaee  by  degrees,  closing  it  at  the  termination  of  the 
line  on  ttie  top  of  the  Uniooi  Uonntain  at  flveand  one-half  degieea.  (Ftda  C.Stat,  of 
Tenn.,  PP.3U-S44.) 

The  boundary  between  Georgia  and  Florida  was  fixed  by  the  treaty 
of  1783,  between  the  United  States  and  Great  Britain,  sabstantially  aa  at 
present,  viz:  Commencing  in  the  middle  of  the  Apalachioola  or  Oata- 
hoQche  Biver,  on  the  thirty-first  degree  of  north  latitude;  thence  along 
the  middle  thereof  to  its  jnnction  with  the  Flint  BiVer;  thence  stnught 
to  the  bead  of  Saint  Mary's  Biver,  and  thence  down  along  the  middle 
of  Saint  Mary's  Biver  to  the  Atlantic  ocean  {vid«  Treaty  of  1783).  This 
boundary  was  affirmed  by  the  treaty  of  1795  between  the  United  States 
uid  Spain,  and  commiBsioners  were  appointed  to  run  the  entire  line 
between  the  United  States  and  the  Spanish  territory.  ( Vide  Treaty  (rf 
1796.) 

In  1819  Spain  ceded  the  Floridas  to  the  United  States.  In  1822  Flor- 
ida was  made  a  Territory  and  in  1825  waa  admitted  into  the  Union  as 
an  independent  State. 

Id  1826  Congress  took  action  as  indicated  below : 

CiOTSD  SrATBS  BTATOTZa  XT  LAHOE,  MIMETKENTH   COVQRBSS,   SESBIOM   I,  1836. 

AX  AOTlan(boiiMtbePntl<lMitsrtbsDDltedBtsUatonmaiidtiutkaIi»dlTidlii|tbaTnilloty 
of  norlds  ftora  (he  Sute  of  OMtgla. 

The  line  shall  be  ran  atraight  ttom  the  Jnnotton  of  said  rivers  ChataboooUe  and 
fbat,  to  the  point  designated  as  the  head  of  Saint  Mary'a  River. 

This  boundary  iae  wa    long  unsettled,  a  controversy  arising  conoem- 

ing  the  tnie  point  to  be  oonsideied  to  be  Uie  head  of  the  Saint  Haiy's 
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Biver,  as  Geoi^a  coDteuded  that  the  point  fixed  npoD  by  the  Spanish 
aod  American  cotamissionerii  andcr  the  trealy  of  1795  wau  incorrect. 

In  1859  commissioners  were  appointed  by  Georgia  and  Florida  to  reinu 
the  line.    Florida  ratified  their  report  in  1861,  and  Georgia  in  1866. 

The  detailed  report  of  the  commiseioDers  is  not  at  hand,  bnt  the  line  is 
declared  in  the  statutes  of  Georgia  as  follows,  viz : 

Vioia  B  point  on  tlio  -western  bank  of  the  Cbattaliochee  River  in  tlw  31sl  degree 
of  north  latitude ;  tbence  along  tl)e  line  or  limit  of  bigh-w&ter  mark  to  its  Janotioa 
with  tbe  Flint  River;  thence  ^onga  certoinlineof  sarve;  modehy  Oaatavns  J.  Orr, 
a  smreyor  on  the  put  of  Georgia,  and  W.Whitaer,  ■  rarreyor  on  the  port  of  Florida, 
beginning  at  a  foar-oDd-oft  tree,  abontfoDrobaine  below  the  preaent  Janotian ;  tbeoce 
along  this  line  eaat,  to  »  point  deaigDated  thlrtr-aeren  Itnka  north  of  EUioott'a 
Monnd  on  the  St.  Mora's  River ;  thence  along  the  middle  of  eaid  rirer  to  the  Atlantic 
Ooeon.     (rUeCodeof  do.,  I873,p.7.) 

This  Use  is  ftleo  given  in  the  code  of  Florida,  and  differs  in  one  re- 
spect, vis,  from  the  ttilrty-fltBt  degreeof  north  latitude  down  the  middle 
of  said  river  to  its  conflaence  with  the  Flint  Biver,  etc  (Vide  Code  of 
Florida,  1672.) 

The  line  between  Georgia  and  Alabama  was  flze1  by  the  act  of  ces- 
sion of  Georgia  to  the  United  States  in  1802. 

In  1822-'25,  Georgia  desiring  to  have  the  line  run  from  the'Ohatta- 
booobee  to  where  it  strikes  the  Tennessee  line,  appointed  commissioners 
for  that  purpose,  and  requested  the  co-operation  of  Alabama  and  the 
United  8tates,  both,  however,  faUing  to  take  action.  The  Georgia  oom- 
missioners  ran  the  liuQ  from  Nick^jack,  cm  the  Tennessee  line,  to  Uii- 
leHs  Bend,  on  the  Chattahoochee.  (For  a  history  of  the  controveraj  oon- 
seming  this  line,  vide  laws  of  Georgia,  1822-%4-J25-'26.) 

Alabama  protested  against  the  above  line  and  made  repeated  vttam 
to  reopen  negotiations  concerning  It,  to  all  which  Georgia  sturdily  le- 
Aised  to  accede,  until  finally,  January  24, 1840,  the  legislature  of  Ala- 
bama passed  the  following  Joint  resolution,  viz : 

BtMlved,  That  the  State  of  Alabama  will,  and  do.  hereby  accept,  oa  the  tni«  dividiog 
liD«  between  tbia  State  and  that  of  Georgia,  the  line  wUoh  waa  ran  and  moAed  out 
by  the  commiaaioDera  of  Georgia  in  IBSK,  beginning  at  what  ia  called  Hiller'a  Bond. 
on  the  Cbattaboocbee  BiTer ;  tbenoe  along  said  marked  line  to  Nichigaak. 

The  line  is  given  in  the  code  of  Alabama  in  the  following  words,  vis : 


The  bonndaij  line  between  Alabama  and  Georgia  commencea  on  tlwwe«t«ld«  at 
the  Chattahoochee  River  at  the  point  where  it  enteia  the  State  of  Florida;  from 
thenoe  op  the  river,  along  the  western  bank  thereof^  to  the  point  on  Hiller'a  Bead 
next  above  the  place  wban  the  Uchee  Creek  empties  into  luoh  river;  thenoe  in  a  di- 
rect line  to  Klokajack.     (gee  code  of  Alabama,  187^  p.  189.) 

In  James's  Hand-book  of  Georgia,  1876,  p.  121,  is  the  following  de- 
scription of  the  western  boundary  of  Georgia,  viz : 

From  Ntok^aok  the  line  between  Georgia  and  Alabama  rans  sonth  9°  3ff  eoat  to 
Hillei's  Bend,  on  the  Chattahoochee  BiTei.abont  146  miles;  thence  down  the  wealem 
bank  of  the  river  at  high-water  mark  to  Its  junction  with  Flint  Sivar,  at  a  point  now 
fimr  ch^na  below  the  actual  Junction,  latitude  30°  IS*  42",  kragltnde  W  53*  15". 
(W6) 
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Florida  was  originally  settled  by  the  Spaniaids,  and  was  held  88  ft 
Spanish'  prOTince  nearly  two  hundred  yeuv.  In  1762  it  was  ceded  by 
Spain  to  Great  Britain,  who  divided  ItintothetwoproTincesof  Bastand 
West  Florida,  separated  by  the  Appalacfaicola  Biver,  with  a  northern 
boundary  substantially  as  at  preseut.  {Vide  Fairbanks'  History  of 
Florida.) 

in  17S3  Great  Britain  retroceded  Florida  to  Spain,  and  the  northern 
bonndarj'  was  fixed  by  the  treaty  of  peace  between  the  United  States 
aud  Great  Britain  sigued  in  the  same  year.  Spain,  however,  claimed 
tbe  territory  us  far  Dorib  as  the  parallel  of  latitude  of  the  mouth  of  the 
Yazoo  River. 

Previous  to  thU.io  1763,  France  had  ceded  Louisiana  to  Spain,  which 
Spain  retroceded  to  France  in  IttOit,  and  in  180^  France  ceded  the  same 
to  the  United  States,  who  claimed  that  the  eastern  boundary  of  the 
said  province  of  Louisiana,  so  often  ceded,  was  the  Ferdido  Biver,  while 
Spain  claimed  it  to  be  the  Iberville  Biver  and  Lakes  Maarepas  and  Pout- 
chartrain.  The  controveniy  ariaing  from  the  diffisrence  of  interpreta- 
tion of  these  Tarioii»  tivaties  and  cessions  was  terminated  by  the  treaty 
of  Washington  in  1819,  whereby  Spain  ceded  to  the  United  States  the 
provinces  of  East  and  West  Florida. 

On  MaFuk  30, 1822,  by  an  act  of  Cou(;ress,  th«  territory  ceded  to  tbe 
United  States  l^  Spain  was  made  the  "  Territorj'  of  Florida,"  embrac- 
iDg  the  same  extent  aa  doea  the  preseut  State. 

Oa  March  3,  1845,  Florida  was  admitted  into  the  Union  as  an  iade- 
peodaot  State. 

(For  a  hiatMy  of  the  uortherD  boundarj'  of  Florida  vide  Georgia,  p.  99.) 

1b  1831  GoBgi«e«  paaaed  an  act  relating  to  tbe  bonndary  between 
FlocidA-and  Alabama,  of  which  the  following  is  an  exta«ct : 


Tb»t  Uie  Fre«ideDt  of  the  United  State*  be,  and  he  is  horeby,  authorized  t»  CMue 
to  be  mu  Mid  mwlced  tlie  bouudar;  liuo  betireen  the  Stat«  of  Alabama  and  the  Ter- 
ribiTy  of  Florida,  by  the  Barveyora-geuorul  aC  Alabnma  and  Florida,  oa  the  thirty* 
first  decree  of  Dortb  latitade. 

(  nite  U.  S.  SUt.  at  Largp,  Vol.  IV,  p.  479. ) 

In  1817  the  agreement  ofcommissioners  previously  appointed  by  Flor- 
ida and  Alabama  waa  ratified,  and  the  line  is  deaoribed  asfollows,  viz: 

ConuDencinff  on  tbn  Chattaboocbee  Biver  near  a  place  koon-n  as  "  Irwin's  Mills" 
■nd  mnoingwest  to  the  Perdido,  marked  tbroaKhont  by  blazes  od  the  trees,  aodaloo 
bjmonndi  of  eartta  thnm-u  npon  the  line  it  distances  of  one  mile,  more  or  loss,  ftom 
■achoOMr.andoomiiionly  kDoiTD  as  "BlUootfs  LiDe,"or  tbe  "HoundUiw."  (FMl 
Fbmda  Codti,  ItJTS,  p.  100.) 

(M7) 
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The  line  between  the  two  States  is  gtvesi  in  general  terms  ld  the 
Florida  Code  as  follows,  viz : 

Commencing  at  the  month  of  the  P«rdido  Biver,  from  tbenoo  np  tb«  middle  of  said 
river  to  where  it  interaeota  the  tooth  boandarj  line  of  the  State  of  Alfttwnu  and  tbe 
tMrt7-fiiat  degree  of  north  latitade ;  UiBn  dii«  eaat  to  the  Chattabooobne  SlT«r. 


In  1798  the  United  States  finmed  tbe  Territory  of  MissiBsippf,  inolad- 
ing— 

All  that  tract  of  conntiy  bounded  on  the  weat  by  the  UiMiMippi,  on  tbe  north  by 
aline  to  be  drawn  doe  east  from  tbemonthof  theTaaona  to  theChattahoaoheeRirer, 
on  tbe  east  bj  the  Chattabonohee  Biver,  and  on  the  louth  by  the  thirty-first  degree  of 
north  Iktitnde.  .  (Vide  U.  S.  Stat,  at  Loi^e,  Vol.  I,  p.  &49,} 

Id  this  act  was  a  olanse  reserving  the  right  of  Georgia  and  of  indi- 
viduals to  the  jurisdiction  of  tbe  soil  thereof. 

South  Carolina  and  Georgia  having  ceded  to  the  United  States  their 
claim  to  territory  weat  of  their  present  limits,  the  General  Oovemment, 
in  1804,  hy  an  act  of  Congress,  annexed  the  tract  of  country  lying 
north  of  Mississippi  Territory  and  soath  of  tbe  State  of  Tennessee,  and 
boanded  on  the  east  by.  Georgia  and  west  by  Louisiana,  to  the  Terri- 
tory of  Mississippi.  ( Vide  D.  S.  Stat,  at  Large,  Vol.  II,  p.  305.)  Also 
in  1812  tbe  Cnited  States  added  to  Mississippi  Territory  all  the  lands 
lying  east  of  Pearl  Biver,  west  of  the  Ferdido  and  sonth  of  the  thirty- 
first  degree  of  latitude.     [Vide  n.B.  Btat.  at  Large,  Tol.  11,  p.  734.) 

By  these  additions  th&  Territory  of  Mississippi  was  made  to  comprise 
what  is  now  included  in  the  two  States  of  Alabama  and  Misaissippi. 
On  March  8, 1817,  by  an  act  of  Congress  the  Territory  of  Alabama  waK 
formed  from  the  eastern  portion  of  the  Territory  of  Mississippi,  with 
the  following  boundaries,  viz: 

Beginning  at  the  point  where  tlie  line  of  the  thlrty-fint  degree  of  north  latitndp 
inteiaeeta  the  Feidido  River ;  thence  east  to  the  weetem  boundary  line  of  the  8tat« 
of  Georgia ;  thence  along  said  line  to  the  sonthem  boundary  line  of  the  Stat«  of  Ten  - 
neesee ;  thenoe  west  along  aald  bonndary  line  to  tbe  TenneBsee  Biver ;  thenoe  up  the 
tame  to  the  mouth  of  Bear  Creek ;  thenoe  by  a  direot  line  to  the  northwest  corner  of 
Wuhlngton  County ;  thence  dnewnth  to  tbe  Onlf  of  Mexico;  th«noe,eaBtwardly,  in- 
elnding  all  the  islands  within61eagaes  of  theahore,  tothe'PeidldoBiTer;  and  thence 
np  the  saine  to  the  beginning.     (FideTJ.  S.  Stat,  at  Large,  ToL  m,  p.  371.) 

On  December  14,  1819,  Alabama  was  admitted  as  an  independeot 
State,  with  the  above  boundaries.  It  was,  however,  made  the  duty  of 
the  surveyor  of  the  public  lands  south  of  Tennessee  and  the  surveyor 
of  lands  in  Alabama  Territory  to  ron  and  cut  out  the  line  of  demarca- 
tion between  the  two  States  of  Alabama  Euid  Mississippi,  and  if  it. 
should  appear  to  said  surveyors  that  so  much  of  the  Hue  designftted  as 
(558) 
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mimiDg  dae  sontb  fiom  the  northwest  comer  of  WaBhiagtoa  County  to 
tbe  Golf  of  Mexico  should  encroach  on  the  counties  of  Wayne,  Greeue, 
and  Jackson,  iu  the  State  of  Miasisgippi,  then  the  same  should  be  al- 
tered BO  as  to  ran  in  a  direct  line  from  the  northwest  coroer  of  Wash- 
ington County  to  a  point  on  the  Golf  of  Alexico  10  miles  east  of  the 
month  of  tbe  Eiver  Fascagonla.  ( Vide  V.  8.  Stat,  at  Large,  Vol.  Ill, 
p.  490.) 

[For  the  history  of  tbe  bonndaries  between  Alabama  and  Georgia 
ride  Georgia,  p.  98.  For  tbe  history  of  the  bonndaries  between  Ala' 
bama  and  Florida,  vide  Florida,  p.  lOl.) 

The  boundary  between  Alabama  and  Tennessee  is  the  thirty-fifth  par- 
uUel  of  nortfa  latitude  (vide  North  Carolina,  p.  91);  fh>m  Nickajack 
{tide  Georgia,  p.  98)  west  across  the  Tennessee  Biver,  and  on  to  tbe  sec-, 
ottd  intersection  of  said  river  by  said  parallel.  (FMe  Alabama  Code, 
1876,  p.  189.) 

The  bonndafry  between  Alabama  and  Mississippi  was  to  be  run  by 
surveyors,  ander  tbe  act  of  admission  of  Alabama.  The  report  of  said 
Knrreyora  is  not  at  hand,  but  the  line  as  laid  down  in  the  Mississippi 
Code  is  as  follows,  viz : 

Beginning  &t  a  point  on  theiT«8t  btmlcof  theTeniiMaeeRiver.BlxfonT-pole  ohoinB 
xmth  of,  and  above,  the  month  of  Yellow  Cieefc;  thencs  up  the  uld  riTer  to  tbe 
ntoDth  of  Bear  Cieek ;  thence  b;  a  dinct  line  to  what  'waa  formerly  the  noithwe«t 
corner  of  Waahington  Coantj,  Alabama ;  thence  in  a  dlrecj  line  to  a  point  ten  mtles 
«HtitftbeP»8cagonla£iTer,oiitheGa1fofUezico.    (F1deUis8i8alppiCode,pp.48,49}. 


UI8SI88IPPI. 

(For  Uie  early  history  of  the  ^ztent  of  MiBsiasippi  Territory  vide  Ala- 
bama, p.  102.) 

On  December  10, 1817,  the  western  part  of  tbe  MisBiasippi  Territory 
was  made  a  State  and  admitted  into  the  Union,  with  tbe  following  - 
boundaries,  viz : 

Begumiiig  on  the  river  Hluiuippl  at  tbe  point  where  the  aonthem  boaadar;  of 
tbe  Btatb  of  Tennessee  strikes  the  aame;  thence  east  along  the  said  bonndary  line  to' 
the  T«BiMtaee  BiTer;  thence  np  the  same  to  tbe  month  of  Bear  Creek;  thence  h;  a 
direct  line  to  th»  Dorthwetrt  conieT  of  tbe  connty  of  WaehiogtOD ;  thence  dne  eonth 
to  tbeOalf  of  Hexioo;  theuce  westwardljr,  including  all  tbe  islandi  witbin  i[xle»goe« 
of  tbe  ahore,  to  the  most  eastern  Junotion  of  Pearl  Biver  with  Lake  Borgne.;  thence 
op  said  river  to  tbe  tkirty-flnt  degree  of  north  latitude;  thence  west  along  said  de- 
(tee  oT  Iktitnde  to  tbe  Misiisaippi  River ;  thence  ap  tbe  same  to  the  beginning. 
(FUt  U.  8.  Stat,  at  Largo,  Vol.  Ill,  p.  34a) 

(For  further  information  couceming  eastern  boundary,  vide  Alabama, 
pi  102.) 

In  1819  the  line  between  Mississippi  and  Tennessee  was  ran  by  com- 
Their  report  is  not  at  hand.    In  1833  the  legielatnre  of 
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TeDoeBsee  passed  an  act  establishing  "Thompson's  line.'*  l%e  details 
of  "Thompson's  line"  have  not  been  found.  In  1837  the  line  was  again 
mu  by  commissioners  from  the  two  States,  and  ratified  by  the  legis- 
latures.   The  commissioners'  report  was  as  follows,  tie: 

Commencing  at  a  point  on  the  weet  bank  of  tbo  Tenneaeee  Kfver  oix  fon^'pole 
febaine  south,  or  above  the  mouth  of  Yellow  Cntek,  wid  about  three-qnartent  of  a  mile 
north  of  the  line  kuowo  aa  "  Thoiupaon's  line,"  and  twenty-six  chajna  and  ten  links 
north  of  Thompson'a  line  at  the  basis  mhidian  of  the  Chickasaw  surveys,  and  ter- 
minatfug  at  a  point  on  the  eaat  bank  of  the  Hlwlulppl  Kiver  (opposite  Cow  Island) 
sixteen  chains  north  of  Thompson's  Hue.    (See  Laws  of  Tennessee,  1&3?,  p.  ST.) 

The  boandaries  were  fixed  by  the  act  of  Congress  admitting  the  State 
of  Mississippi,  as  follows,  viz : 

Coninienoing  at  the  moat  esat-em  juncliou  of  Fearl  Bivfr  with  LaheBorgnc,  thence 
np  aaid  Pearl  Siver  to  the  thirty-first  (Ipgrre  of  north  latitnde,  thence  west  along 
said  degree  of  latitnde  to  the  Misatsaippl  BiTer,  thence  up  the  same  to  the  point  where 
tbn  sontbem  bonndary  of  Tennessee  strikea  the  same.  (See  U.  B.  Laws,  vol.  6^  p. 
175.) 

MiRsisslppi  claims  to  the  middle  of  the  Mississippi  Biver,  where  tbe 
river  forms  her  western  bonndary.    (See  Eev.  Stat.,  1867.) 


LOmsiANA. 

The  original  territory  of  Louisiana  was  acquired  &om  France  (see  p. 
19).  In  1804,  a  portion  of  this,  comprising  the  area  of  the  present 
State  of  Loaisiaoa,  with  the  exception  of  the  sontheastem  portion  Im- 
mediately adjoining  the  present  State  of  Florida,  was  organized  into  a 
territory  under  the  name  of  Orleans,  white  the  balance  of  the  lioois- 
iaua  purchase  retained  the  name  of  Louisiana  Territory.  On  April  30, 
1S12,  the  Territory  of  Orleans  was  admitted  aa  a  State  mider  the  name 
of  Louisiana,  and  at  the  same  time  the  name  of  the  Territory  of  Lonia- 
iaua  was  changed  to  Missouri  Territory.  In  the  same  year  the  limits  of 
'  the  State  were  enlarged  in  the  southeast  to  ita  present  boundaries. 

The  following  act  defines  the  Territory  of  Orleans : 

All  that  portion  of  conntry  ceded  by  France  to  the  United  States,  under  the  nftuw 
of  Iiouisians,  which  lies  south  of  the  Mississippi  territory,  and  of  an  east  and  weat 
line  to  commence  ou  the  Mississippi  Birerat  the  tblrty-thirtl  degree  of  north  latitnde, 
and  to  extend  west  to  the  western  boundary  of  the  said  cession,  shall  coitttltate  a 
Territory  of  the  United  States,  under  the  name  of  the  Territory  of  Orleans.  (Bightb 
Congress,  first  session.) 

The  following  clause  fh>m  the  act  admitting  Iionisiana  defines  its 
original  boundaries : 

Beginning  at  the  mouth  of  the  river  Sabine,  thence  by  a  line  to  be  drawn  along 
the  middle  of  said  river,  incladtog  all  islands,  to  the  thirty-second  degree  of  latttnd* ; 
llienea  due  north  to  the  uortfaeoimoBt  part  of  the  thirty-third  degree  of  north  Istti- 
tnde ;  Ovate*  along  the  said  parallel  of  latitude  to  the  river  MiMiasippi ;  tliaaaa;da<wa 
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the  said  river  to  the  river  IbeiriUe;  and  from  tbesce  along  the  middle  of  tlwa^driver 
ud  Iftkea  Haorepaa  and  Puutcbartraiu  to  the  Galf  of  Mexico;  thence,  bonnded  by 
Ihe  said  Gulf,  to  the  place  of  beginning,  inolndiug  all  Islanda  within  three  leagnes  of 
1b«  coant.     (Twelfth  Congress,  first  session.) 

The  followiait  is  a  descriptioD  of  the  addition  to  the  Stata  of  Loniai- 
ana,  in  tArms  of  tb«  act : 

Beginning  at  the  Jnnction  of  the  Iberville  with  the  river  MlMissIppi,  thenee  along 
Ihe  middle  of  the  Iberville,  the  river  Amite)  and  of  the  lakes  Manrspas  and  Potit«har- 
train,  to  the  eaat«m  month  of  the  Pearl  Biver ;  thence  np  the  eastern  branch  of  Pearl 
River  to  the  thirty-first  degree  of  north  latitnde;  thenee  alonK  the  said  degree  of  lai- 
itude  to  the  river  HIsstieippi ;  thence  down  the  said  river  to  the  place  of  beginning, 
sboll  become  and  form  a  part  of  the  State  of  Loniaiana.     (Twelfth  Congress,  first 


Texas  declared  its  independeoce  of  Mexico  in  1836.  On  December 
29,  1815,  it  was  admitted  to  the  TJnton.  As  origioally  constitated,  it 
embraced  besides  its  i>reseut  area  the  region  east  of  the  Bio  Qrande, 
sow  in  Nev  Mexico,  extending  north  to  the  Arkansas  Biver,  its  eastern 
limits  coinciding  with  the  vestom  limtt  of  the  United  States,  as  laid 
down  in  the  treaty  with  Sp^u  of  1819. 

lu  1848,  the  eastern  boundary  of  the  State  was  extended  slightly,  as  ' 
noted  in  the  following  act : 

Be  it  emaeied  bg  Ifte  Sentiit  and  Bourn  of  Bqtrtfaitatitei  of  Hit  UMlrd  Stata  of  Anurieo 
j(  CaN^rOT*  imembUd,  That  this  Congress  ooneenta  that  the  legislature  of  the  Btat«  of 
Texas  may  extend  her  eastern  bonndary  bo  as  to  1  a olndo  within  ber  limits  one-half  of 
Sabine  Pass,  one-balf  of  Sabine  Lake,  also  one-half  of  Sabine  JUver,  from  Its  month 
aa  far  north  aa  tbe  thirty-second  degree  of  north  latitude. 

in  1850,  the  State  sold  to  tbe  General  Government,  for  the  sum  of 
^1(^,000,000,  that  part  lying  north  of  the  parallel  of  30°  30',  and  that 
portion  lying  west  of  longitude  103<>,  as  far  sonth  as  the  parallel  of  32°, 
a«  set  for&  in  tiie  foUowing  elaose  from  the  act  of  Cktugrem  relating 
to  this  transfer:  * 

Piret.  The  8tat«  of  Texas  will  agree  that  her  bonndary  on  the  north  shall  oommeno* 
u  the  point  at  which  tbe  meridian  of  one  hnndred  degrees  west  fVom  Oreeuwioh  is 
tatereeoted  by  the  parallel  of  thirty-six  degreee  thirty  minutes  north  latitude,  and 
Blull  ran  from  said  point  dne  west  to  the  meridian  of  one  hnndred  and  three  degieea 
*e«t  from  QTeenwicfa ;  thence  her  boundary  shall  run  dne  south  to  the  thirty-aeoond 
degree  of  north  latitnde  ;  thence  on  the  said  parallel  of  thirty-two  degrees  of  nortL 
Istiiode  to  Uie  Sio  Bravo  del  Norte,  and  tbence  with  the  channel  of  said  river  to  tbe 
Galf  of  Mexico.    (Thirty-flist  Congress,  first  session. ) 

Tbe  following  act  defines  the  northern  boundary  of  Texas : 

AX  ACT  to  Mtliotiia  (ba  pTMldSBt  of  tba  Diiitcd  SUtes,  Id  ooqlnoc^oii  with  the  Blata  cf  Tceh,  t» 
na  ad  mack  the  booBdar;  Hum  between  tbe  Territories  of  tba  Untted  Statea  wd  Ike  StaU  of 
TeiM. 
Begiaming  at  tiie  point  where  Ihe  one  hundredth  degree  of  lougUode  west  from 

Oteenwieh  orosaes  Red  River,  and  running  thenee  north  to  the  point  wfaero  said  ona 
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hnDdredtb  degree  of  longitude  iDtenecta  tbe  parallel  of  tfalrty-aLi  d^reee  thirty  min- 
nt««  Dortb  latitade,  and  tbence  yrtmt  vrith  the  aaid  parallel  of  thirtj-bix  degrees  and 
tbii^j  minutea  nortb  latitude  to  tbe  point  where  it  iateraeota  the  one  huodred  and 
tbiid  degree  of  longitude  weat  from  GreeDTvioh;  and  thence  Bonth  with  the  said  one 
hnndred  and  third  degree  of  longitude  to  the  thirtj-Moond  parallel  of  north  latitnde; 
and  tbence  nest  wltbaald  thlrty-aecond  degree  of  north  latitude  to  tbe  RioOrande. 
(TUity-flfih  Cong.,  fiiBt  aeosiou.) 

The  boundary  line  of  Texas  ia  m  follows: 

Beginniiig  in  the  Gnlf  of  Mexico,  at  the  ontlet  of  Sabine  Lake,  the  line  passe* 
northward  throagh  the  middle  of  Sabine  Lake  and  np  the  middle  of  Sabine^iver  to 
tbe  point  where  said  river  interaecte  the  parallel  of  thirty-two  degree* ;  tbenoe  oortb 
'along  the  meridian  of  that  point  of  intersection  b>  the  point  where  said  meiidian  :a- 
tersecta  Red  River;  thence  np  Rod  River  lo  the  one  hundredth  meridian  west  of 
Qreenwioh ;  thence  north  on  said  meridian  lo  the  parallel  of  thirty-eix  defcreee  thirty 
minutes ;  wMt  on  said  parallel  to  Ibemeridianof  one  bandied  and  three  degrees  westof 
Oreenwicb;  thence  south  on  said  meridian  to  the  parallel  of  latitude  of  33°;  thence 
west  on  that  parallel  to  its  point  of  interseotlon  with  the  Rio  Qrande ;  thenoe  down 
tbe  mid-obannel  of  tbe  Bio  Grande  to  its  mouth. 


ARKANSAS 

Tbe  Territory  of  ArkaDsas,  or  Arkansas,  as  it  was  originally  spelledf 
woB  formed  on  March  2, 1819,  from  a  part  of  Miasoori  Territory.  The 
following  claase  from  the  act  establisbing  it  defines  its  limite  in  part: 

All  that  part  of  the  Teiritor;  of  Misaooti  wblob  lies  aouth  of  a  line  beginning  on 
tbe  HlHlasippi  River  at  thirty-six  degree*  oortb  latitude,  running  tbence  wert  to  tha 
Rirer  St.  Fran^ia,  thence  up  tbe  same  to  3G°  30'  north  latitude,  and  thenoa  weet  to 
tbe  WMtem  temtorisl  boundary  line,  shall,  &r  the  pnipoaea  of  a  Territorial  govern- 
meot,  oonatitnte  a  separate  Territory  and  be  called  the  Arkansaw  Territory. 

In  1824  an  act  was  passed  by  Congress  fixing  the  western  boandary 
of  tbe  Territory.    This  was  as  follows : 

AS  ACT  to  flzUie  western  bonniluT  Una  of  ths  Tiiiilliiiji  iif  liliaiii  mil  ftii  iillm  iiiii||iiiii 

The  western  boundary  line'of  the  Territory  of  Arkansas  ahall  begin  at  a  point 

fort;  miles  west  of  the  sonthweat  earner  of  the  State  of  Uiseonrl  and  run  south  to 

the  right  bank  of  the  Bed  River,  and  thence  down  the  river  and  with  the  Uexiokn 

bonadary  to  the  line  of  the  State  of  Louisiana. 

Four  years  later,  in  1828,  tbe  following  act  was  passed  defining  its 
aoathem  boundary : 


Commencing  on  the  right  bank  of  the  Uiaaiaaippi  River  at  latitude  thirty-tliree 
degreea  north  and  running  due  weet  on  that  parallel  of  latitude  to  where  a  lino  ran- 
ning  dne  north  from  latitude  tbirty-two  degrees  north  on  the  Sabine  River  will  inter- 
seot  the  same. 

The  same  year  tbe  following  treaty  changed  materiidly  the  western 
line  of  the  Territory,  placing  it  in  its  present  position. 
(662) 
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IfiEATT  WITH  THE,  CaXBOKBE  INDIANA  HAY  28,  1688. 

AxntXX  I. — Tbe  iieeUm  bouodaiy  of  ArkftDSM  sball  be,  and  the  aane  is,  herAy 
deAiMd,  Tie :  A  line  shall  be  mn,  comineiiciDg  on  Red  River  at  the  point  where  the 
Eastern  Chootaw  liueetdkesaald  river,  and  nitidae  north  wftb  said  line  to  the  River 
AikBDBaB ;  thence  in  a  line  to  the  Bonthweet  comer  of  HisaoDri. 

The  Eastern  Choctaw  line,  referred  to  above,  starts  oa  the  Arkanqfts 
Biver, "  one  hundred  paces  west  of  Fort  Smith,  and  thence  due  south  to 
the  Bed  Biver."    (Treaty  with  Choctaw  Ifatioii,  January  20, 1826.) 

Arkansas  was  admitted  as  a  State  June  16, 1836. 

The  following  extracts  from  the  eiiabling  act,  and  Irom  varioas  con- 
stitntionB,  give  atatementa  of  the  boandaries,  differing  alightly  from 
one  another,  but,  for  the  most  part,  only  in  wording: 

CONSTITUTION  OF  AEKANSAS,  1836. 

Beglaoinglnthe  middle  of  the  maiucbannelof  the  Hiseieaippi  River  on  the  parallel 
of  36  degrees  north  latitude  ;  running  from  thence  west  with  the  parallel  of  latitude 
to  the  Saint  Frsncie  River ;  thence  op  the  middle  of  the  main  channel  of  said  river  to 
the  parallel  of  thirty-eix  degrees  thirty  ininat«B  north ;  from  thence  west  to  the 
■ontfawcHt  comer  of  the  Htate  of  Uissonri ;  and  from  thence  to  be  bonnded  on  the  west 
to  th*  north  bank  of  Bed  River,  as  by  acts  of  Congress  and  treaties  heretofore  defining 
tha  western  limits  of  the  Territory  of  Arkansas,  and  to  be  bonuded  on  the  sooth  side  of 
Red  Biver  hy  the  Mexican  bonndary  line  to  the  northwest  comer  of  the  State  of 
Loaiaiana ;  thence  east  by  the  Loniaiaua  state  line  to  the  middle  of  the  main  channel 
of  the  Htsalasippi  River ;  thence  np  the  middle  of  the  main  uhsnnel  of  said  river  to 
the  tidrty-sizth  degree  of  north  latitnde,  the  point  of  beginning. 

Again,  in  the  enabUog  act  for  Arkansas,  1836  (Twenty-fourth  Con- 
gress, first  session),  the  boundaries  are  found  to  be  defined  as  follows : 

Begtiming'  in  the  middle  of  the  main  ohannel  of  the  Hisalasippi  Biver,  on  the 
paiallel  of  thirty-six  degrees  north  latitnde,  running  from  thence  west,  with  the  said 
parklkloflatitnde,  tothe8t.FrajiciH  River;  thenc«  np  the  middle  of  tlie  main  channel 
of  i»ld  rirar  to  the  parallel  of  thirty-six  degrees  thirty  minutes  north ;  tronx  thence 
»e«t  to  the  southwest  comer  of  the  State  of  Ulssonrt ;  and  from  thence  to  tie  bonniled 
on  tb0  west,  to  the  north  bank  of  Red  River,  by  the  line  deecrJbed  in  the  first  article 
of  tha  treoty  tietween  the  United  States  and  the  Cherokee  Nation  of  Indians,  weet  of 
Um  UMieaippi,  made  and  concluded  at  the  city  of  Washington,  on  the  twenty-eiitb 
4*7  of  Hay,  In  the  year  of  onrLord  one  thousand  eight  handled  and  twenty-eight; 
and  ttt  he  bounded  on  the  south  vide  of  Bed  River  by  the  Mexican  boundary  line  to 
tbsiMirthwest  oomer  of  the  State  of  Louisiana;  thence  east  with  the  Lonislana  state 
liiw  to  the  middle  of  the  main  ehannel  pf  the  Mississippi  River ;  tfaeuoe  np  the  middle 
of  ttte  main  channel  of  the  said  river  to  the  thirty-sixth  degree  of  north  latitnde,  the 
point  of  beginning. 

In  the  constitution  of  1861  the  boaudaries  are  defined  as  follows : 

Bei^liuiiiig  in  the  middle  of  the  Mississippi  River,  on  the  parallel  of  thirty-six  de- 
gree* ucvth  latitude,  to  the  Bt.  Francis  River;  thence  up  the  middleoftheinaii)  chan- 
nel of  said  river  to  the  parallel  of  thirty-six  degrees  thirty  minutes  north,  thenee 
weat  to  tbesonthweet  comer  of  the  State  of  Missouri;  andbomthenoe  to  be  bounded 
oa  tlic  west  to  the  north  bank  of  Red  River,  as  hy  acta  of  Congress  of  the  United 
Mate*,  and  the  treaties  heretofore  defining  the  western  llmlte  of  the  Territory  of  At- 
kaniwi ;  and  to  )>n  bounded  on  the  south  side  of  Red  River  by  the  iMundary  Hue  of  the 
State  of  Texas,  to  the  northwest  oomer  of  the  State  of  Louisiana ;  thenee  eaat  with 
the  lioainan*  slate  Hoe  to  the  middle  of  the  mala  efaannel  of  the  Misrisdppi  Biver; 
(«3) 
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thance  up  the  middle  of  the  main  chiuinel  of  said  river  to  the  tfalrty-slith  degree  of 
iiorth  latitude,  thepoiatof  beKinning. 

The  coiiHtitutioii  of  1868  differs  bat  slightly  from  the  last.  It  is  as 
follows : 

BegiDDiog  at  ike  middle  at  the  maiu  channel  of  tbe  Mlwissippi  Biver,  cm  the  par- 
allel of  30"  north  latitude,  nmoiog  from  thenee  west,  with  the  naid  parallel  of  lati- 
tude, to  the  Saint  PraDcie  River ;  tbenoe  op  the  middle  of  the  main  ohaaoel  of  aaid 
Hverto  the  parallel  of  36^30'  north  ;  from  thence  WMt  with  the  bonndaryllne  of  the 
State  of  MiBBonri  to  theaonthwest  oornerof  that  State;  and  thence  to  babonndedon 
the  west  to  the  north  bank  of  Bed  lUTer,  as  b;  acta  of  CoDgiese  and  iTeatiee  bweto- 
foie  defining  the  western  limits  of  the  Territoiy  of  Arkaniuis ;  and  to  be  tioimded'on 
thu  soDth  side  of  Red  River  by  the  booiidar;  line  of  the  State  of  Texas  to  the  north- 
west oorad'  of  the  State  of  Lonisiana ;  thence  east  with  the  Lonisiiuia  State  line  to 
the  middle  uf  the  main  channel  of  the  HissiRaipplBirer;  thence  np  the  middle  of  lb* 
main  channel  of  said  river,  inolnding  an  island  in  said  river  known  ae  "  Belle  Point 
Island,"  to  the  36°  of  north  latitude,  the  place  of  beginning. 

Id  the  constitation  of  1874  tbere  are  again  slight  differences,  msiiijy 
iu  wording. 

Beginning  at  the  middle  of  the  intMn  ohattnel  of  tlte  UlniaaippI  River,  on  Qto  par- 
allel of  Cbirty-six  degrees  of  north  latitade;  mnuing  theaoe  nest  with  said  paiallflt 
of  latitude  to  the  middle  of  the  main  ohannel  of  the  Saint  Francis  Biver ;  thenoe  op 
the  main  channel  of  said  last-named  river  to  the  parallel  of  thirty-sis  degrees  thirty 
minntes  of  north  ladtnde ;  thenoe  w«at  with  the  sonthem  boundary  line  of  the  State 
of  Miasonri  to  the  eonthwest  oomer  of  said  last-nasied  State ;  thenoe  to  be  bounded 
OB  the  west  to  the  north  bank  of  Bed  River,  as  by  aotof  CoognasaDd  treaties  exist- 
ing Jannory  1,  IB77,  defining  the  western  limits  of  the  Temtoi;  of  Arkanaaa  and  to 
be  bonndsd  aorosi  and  loath  of  Bed  Bivei  by  the  bonndary  line  of  the  State  of  Texas 
as  far  as  to  the  northwest  comer  of  the  'State  of  Loniaiana ;  tbenoe  easterly  with  the 
northern  boundary  line  of  said  lost-nsmed  State,  to  the  middle  of  the  main  ohannel  tt 
the  hississipiii  River ;  thence  np  Uie  middle  of  the  main  ofaannel  of  said  last-named 
river,  Inclading  an  island  In  aaid  river  known  as  "  Belle  Poliit  Islaod,"  and  all  otber 
land  originally  snrreyed  and  Inoladed  as  apart  of  the  Territory  or  State  of  A 
to  the  thirty-sixth  degree  of  nortti  latltode,  the  plaoe  of  bsglnniug. 


TBNBB88BB. 

Tennessee  was  originally  a  part  of  North  Ouolina.  (For  ftutber  in< 
formation  vide  North  Carolina,  p.  92.) 

In  1790  it  was  ceded  to  the  United  States.  Its  boandaries  described 
in  the  act  of  cession  are,  sabstaotially,  those  of  the  present  day. 

On  June  1, 1790,  by  an  act  of  Congress  it  was  admitted  into  the  TTnion. 

The  act  of  admissioD  declares  its  bonndariea,  as  "All  the  territory 
ceded  by  North  Carolina." 

(For  the  history  of  the  aasteEii  bonndary  vide  North  Corolioa,  p.  91} 
for  the  BOuEhem  boacdary  vide  Oeor^a,  p.  99,  Alabama,  p.  lOS,  and  ICis- 
sisuippi,  p.  103.) 

The  Uississippi  Biver  forms  Us  western  boundary  nnder  the  treaty  of 
peace  of  L783. 
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The  line  wliicli  divided  Virgiaia  and  liforth  Carolina  woe  the  soutli- 
eta  bonndaiy  of  Keotaclcy.  Virginia  and  North  Oarolina^  prior  to  the 
CRfrtioii  of  the  StAtea  of  Keatnoky  and  TeonesBee,  appointed  commia- 
sioneis,  Memifi.  Walker  and  fiendersoo,  to  tod  wd  mtak.  the  line  ou 
the  parallel  of  latitude  ftOo  3fy.  From  a  point  on  the  top  of  the  Ciiui- 
heiland  Monntaioa,  now  the  soatfaeaatem  comer  of  Kentavky,  Walker 
ran  and  marked  the  line  to  a  point  on  the  Tenneaaee  Birer.  Thie  line, 
oaDed  Walker's  line,  tob  regarded  for  many  years  as  the  dividing  line 
between  Kentacky  and  Teuneeeee.  It  was  ascertained,  howerer,  that 
Waftei'H  line  was  north  of  latitade  360  3V. 

The  Indian  title  to  the  land  west  of  the  Tenneaaee  Iliver  being  ez- 
tJagDisbed  t>y  the  treaty  of  1819,  the  legielatare  appointed  Bobert 
Alesander  and  Lake  Uvnaell  to  ascert^n  the  true  point  of  latitade  36° 
30*  on  the  Missisaippi  Biver,  and  to  mn  and  mark  a  line  east  on  that 
parallel,  which  was  done  as  far  east  as  the  Tennessee  Biver.  (For  above, 
see  Gen.  Stat.  Ky.»  1873,  p.  167.) 

In  1820  commisaionerg  were  appointed  by  Kentucky  and  Tennessee, 
respectively,  to  settle  the  boondary.  Their  report  was  ratified,  and  is  as 
follows,  viz : 

ABT.  I.  Tbe  line  of  boamdrnj  and  BOpamtlou  batweeti  tbe  States  of  Eautnok;  and 
TnwcMM  all*!!  ba  as  fallows,  vU : 

Hw  line  mn  by  tbe  Virginia  commlmioneTH  in  tbe  year  I779-'80,  commonly  oalled 
Tslkei^  line,  m  the  sune  la  Tepnted,  nndeistood,  and  aoted  npon  by  the  said  St»t«s, 
tb«ir  laapeotiTe  offl«en  and  oitlsens,  £n>m  the  aoatlieutem  cornet  of  Kentnokj 
10  tlw  Tenaesece  Blver ;  Ihence  with  and  Dp  aoid  liTer  lo  tbe  point  wbeie  the  line  of 
AlexMDder  and  Hnnull,  mn  by  them  in  tbe  lost  year  nndec  tbe  anthority  of  lui  act 
of  tke  legiaUtara  of  Slentnoky  entitled  "  An  oot  to  res  tbe  bonnd««y  line  between 
tUt  Bteto  Mid  the  Btat*  of  Teonewee,  weat  of  tho  TennMsee  River,  approved  Feb. 
b,  IftB,"  would  eiosa  aoid  ri-rer,  knd  thence  with  the  eaid  line  of  Alexander  and  Uun- 
nQ,  to  the  teiminotion  thereof  on  tbe  Uisaiauppl  Bivet  below  New  Madrid. 

Then  follow  nine  other  articles. 

Article  III  provides  for  ronning  and  marking  tbe  line  at  any  subsc- 
qoent  time.    (See  General  Stat.  Kentucky,  page  170.) 

In  18fi8-'59  ooBunissioners  were  appointed  by  Kentacky  and  Tennes- 
see to  xwi  this  line. 

^e  detailed  report  can  be  found  iu  Statnt«s  of  Tennessee,  187 1 ,  Vol. 
I,  payp  223-243,  giving  conraes,  bearings,  mile-stones  erected,  and  a  map 
at  tiie  boondary. 

(For  a  history  of  tbe  bouudfa7  between  Virginia  and  Tennessee,  vjd« 
Vixginia,  p.  9L) 


EmtwAy  was  inclnded  in  the  original  limits  of  Virginia,  and  was  a 

part  ot  tbe  oonnty  of  Angosta.    Angnsta  Ooonty  was  formed  in  1738. 

In  1769  Botetonrt  Oonnty  was  created  from  a  portion  of  Angusta  Ooonty; 

in  1772,  Finoastle  from  Botetonrt ;  in  1776,  Kentucky  from  Fiuoastle. 
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The  boDDdories  of  all  tbese  coimtles  may  be  found  in  Hening's  Iaws 
of  VirglDia,  Yola.  I  to  IX. 

la  1780  Yirgiiiia  passed  ao  act  giving  ber  consent  tbat  the  ooont?  of 
Kentucky,  within  her  joriadiction,  sbonld  be  formed  into  a  new  State. 
Accordingly,  Jane  1,  1792,  Keutncky  waa  admitted  into  the  Union, 
with  sabatantially  her  present  boundaries. 

By  the  ccBsion  of  1784,  by  Yirgiuia  to  the  United  States,  of  the  terri- 
tory northwest  of  the  Ohio  Biver,  this  river  beoame  the  northwest  bonnd- 
ary  of  the  State  of  Eeatocky. 

The  western  boondary,  the  Miasiaaippi,  was  fixed  by  the  trea^  of 
peace  in  1783. 

(For  a  hiatory  of  the  bonndary  between  £entacky  and  Yirgjiiift  and 
West  Yirgiuia,  vide  Yirgiuia,  p,  90,  for  the  boundary  between  EMitooky 
and  Tennessee,  vide  Tenoesaee,  p.  109-) 


OHIO. 

Ohio  was  the  first  State  formed  firom  the  original  territory  northweet 
of  the  river  Ohio.  It  was  admitted  as  a  State  on  Kovember  29, 1802, 
with  limits  given  in  the  enabliug  act  as  follows; 

BuundAd  on  the  east  by  the  PenDsylvanift  line,  on  the  eonth  by  the  Ohio  BiT«r,  to 
the  month  of  the  Oreat  Hiamt  Biver,  on  the  west  by  the  line  diswn  dne  north  bom 
the  moDth  of  the  Great  Hlami  aforesaid,  knd  on  the  north  by  an  eut  and  weot  line 
drawn  throogh  the  sontberly  extreme  of  Lake  Mtohigan,  mnntng  eaat  after  Intu^ 
secting  the  dae-north  line  ftforesaid,'  from  the  mouth  of  the  Great  Uiaml  nntll  it  shall 
intersect  Lake  Erie  or  the  territorial  line ;  and  tbence  with  the  same  thioagh  Lake 
Erie  to  tbe  Pennsylvania  line  afbresaid :  ProMed,  That  Congren  shall  be  at  libarty 
at  any  time  hereafter  ritber  to  attach  all  the  territory  lying  east  of  the  line  to  be 
drawn  doe  north  from  tbemoath  of  the  Hlanil  aforesaid  to  the  territorial  line,  and 
north  of  an  eaBt  and  west  line  drawn  ttarongbtbe  sootberly  extreme  of  Lake  Miobigan, 
mnning  east  as  aforesaid  to  Lake  Erie,  to  the  aforesaid  State,  or  dispoae  of  It  other- 
wise, in  conformity  to  the  fifth  article  of  compact  between  tbe  original  States  Mid. 
tbe  people  and  States  to  be  formed  in  tbe  territory  uortfaweet  of  the  river  Obio. 
(Seveutb  Congress,  tirst  Bcssion.) 

In  the  constitntion  of  Ohio  of  1802,  Article  YII,  the  boundaries  are 
defined  as  follow^: 

Bounded  on  tbe  east  by  tbe  Pennsylvania  line ;  on  the  sontb  by  the  Ohio  Blver,  to 
the  month  of  the  Gieat  Uiaml  River;  on  tbe  wvat  by  the  line  drawn  dne  north  from 
the  month  of  the  great  Miami  aforesaid ;  and  on  the  north  by  an  east  and  west  line 
drawn  throngh  the  aontberly  extreme  of  Lake  Michigan,  mnning  east  after  Intsr- 
seoting  the  dne  north  line  aforeeaid  tiom  the  month  of  the  Great  Miami,  nnUl  It  diall 
intersect  Lake  Erie  or  the  territorial  line ;  and  thence  with  the  same  throngh  Lkke 
Erie  t«  the  Pennsylvania  line  aforesaid  ;  provided  always,  and  it  Is  heraby  ftdly  on- 
derstood  and  declared  by  this  convention,  that  if  the  Motherly  bend  or  exti«m«  of 
Lake  Ulebigao  sbonld  extend  ao  Ibr  rionth  that  a  line  drawn  dne  east  ftom  it  Aoald 
(566) 
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not  tntenect  Lake  Erie,  or  if  It  sbould  iutonect  tbo  said  Lake  Erie  east  of  the  month 
of  the  Uianri  BWbt  of  the  Lake,  then,  and  in  that  case,  nith  the  aaeetit  of  the  Cod- 
jnw  of  the  Uoited  States,  the  nmlheni.bonDdiuy  of  this  State  shall  be  established 
bf,  and  axtendiag  to,  »  direct  line  maning  from  the  sonthetn  extremity  of  Lkko 
Uichigan  to  the  moat  northerly  eape  of  the  Miami  Baji,  after  InteiMotiDg  the  dae- 
Mrth  line  from  the  mouth  of  the  Oreftt  Hluni  Biver  tm  aforesaid ;  thenoe  nortbeaat  to 
the  territorial  line,  and  by  the  said  territorial  line  to  the  FeDoeylTuiia  line. 

In  BooordoDoe  with  the  provisions  in  the  enabling  aot,  and  in  the  first 
coDStitation  of  the  State,  the  northern  boundary  of  the  State  was 
cbanged  so  that,  instead  of  running  on  a  parallel  drawn  f^m  the  soatfa- 
cm  extremity  of  Lake  Michigan,  it  followed  the  are  of  a  great  circle 
drawn  from  the  soathem  extiemit;  of  Lake  Michigan  to  the  most  north- 
ern cape  of  Manmee  ('*  Miami")  Bay. 

Following  are  the  text  of  the  aot  providing  for  the  examination  of  the 
□orthera  boandary  and  that  of  the  act  making  the  change  in  the  boond- 


That  the  Frcaident  of  the  United  Btatos  cause  to  be  aacertained,  by  ooenrate  obser- 
vation, tha  latitnde  and  longitnde  of  the  southerly  extreme  of  Lake  Hiohigan ;  and 
that  he  cause  to  be  osoertained,  by  like  observation,  the  point  on  the  Ulami  of  the 
Lake  which  is  due  east  therefrom,  and  also  the  latitnde  and  longitude  of  the  moot 
Dortherly  oapeof  the  Miami  Bay;  also,  that  he  psuae  to  be  ascertained,  with  all  prac- 
ticable Boooraoy,  the  latitude  and  longitude  of  the  moat  southerly  point  in  the  northern 
t^ondaiy  line  of  the  United  States  in  Lake  Erie,  and  also  the  points  at  which  a  direct 
line  drawn  from  the  sontherly  extreme  of  Lake  Michigan  to  the  moat  southerly  point 
in  said  northern  boundary  line  of  the  United  States  will  interseot  the  Miami  River 
sod  by;  and  also  that  he  oanae  to  be  ascertained,  by  like  observation,  the  point  in 
the  Miaaiaaippi  which  ia  due  west  &om  the  aontherly  extreme  of  Lake  Michigan ;  and 
that  the  said  observations  be  made  and  the  result  thereof  letnmed  to  the  proper 
Department  within  the  cnrrent  year.     (Twenty-second  Congress,  firat  sesalon,  I&32,) 

^RACTti 

The  northern  boundary  line  of  the  State  of  Ohio  shall  be  established  at  and  shall 
be  a  direct  line  drawn  from  the  southern  extremity  of  Lake  Michigan  to  the  mnst 
northerly  cape  of  the  Manmee  (Miami)  Bay  after  that  line,  ao  drawn,  shall. intersect 
Che  eaatem  bouudary  line  of  the  State  of  Indiana;  and  from  the  said  north  cape  of 
the  aald  bay  northeast  to  the  bonndaiy  line  between  the  United  States  and  the  prov- 
ioce  of  Upper  Canada,  in  Lake  Erie,  and  thence,  with  the  said  last-mentioned  line, 
to  its  intervection  with  the  western  line  of  the  State  of  PennsylTanla.  (Twenty-foorth 
"JD,  1836.) 


By  the  aot  passed  in  the  year  1800,  to  take  effect  on  and  after  the  4Ui 
day  of  July  of  that  year,  the  Territory  l^orthwest  of  the  Biver  Ohio  was 
divided  into  two  parts,  the  eastern  part  to  retain  the  old  name,  the  west- 
em  part  to  become  the  Territory  of  Indiana. 
(S«7) 
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0&der  this  act  tfae  Territory  of  IndiaDa  was  oi^anized.  Tbe  ileavrip- 
.  tioD  of  the  boundary  line  between  these  two  TerritorieB  is  given  in  the 
following  act  establishing  them : 

That  from  and  altet  the  foarth  day  or  July  next  all  that  part  of  the  territorr  °^ 
tbe  United  8tat«a  iiortbwe«t  of  tbe  Ohio  Biver,  which  lies  to  the  westward  of  a  liD« 
'beginolDg  at  the  Ohio,  op|ioeite  to  the  moath  of  Eeutuoky  Biver,  Mid  rumiing  tJience 
to  Fort  B«eovery,  and  thenoe  north  until  it  ahall  interaeot  tbe  tenitorial  line  between 
tbe  United  Ststaa  and  Canada,  ahall,  for  the  pnTpoae  of  temporary  goTomment,  cmi- 
elitote  a  eepacate  Territory,  and  be  called  Indiana  Territory. 

Sec.  5.  That  IT  ben  ever  tbst  part  of  the  territoiy  of  the  United  States  wbiob  lies  to 
the  eatrlward  of  a  line  beginning  at  the  mouth  of  the  Great  Miami  BWer,  and  nmaiDg 
thenoe  dne  north  to  tbe  torritorial  line  between  the  United  Statee  and  Canad*,  shall 
be  erected  into  an  iudepeudenl  State,  and  admitted  Into  the  Union  on  an  eqa*l  foot- 
iii(  with  Uie  original  States,  theaoefbith  said  line  shall  become  and  reiaain  penna- 
nantly  the  bonndAry  lino  between  suob  State  and  the  Indiana  Territory,  anything  in 
thie  act  oontAined  to  the  contiaiy  notwithstanding.    (Sixth  Congre«e,  fint  scmIob.) 

Ohio  was  admitted  in  1802.  Its  western  boundary,  a  meridian  throngh 
the  moath  of  tbe  Miami  Rirer,  left  a  narrow  strip  of  conotry  between 
Ohio  and  tbe  Territory  of  Indiana,  which  was  by  a  claase  in  tbe  enabling 
act  of  Ohio  added  to  Indiana  Territory.  Tbe  following  is  the  claase  in 
qaeetioD : 

Sec.  3.  All  that  part  of  tbe  territory  of  the  Unitod  States  northwest  of  the  river 
Ohio  heretofore  included  in  the  eastern  division  of  said  Teiritory,  and  not  included 
within  tbe  boundary  heroin  prescribed  for  the  said  State,  is  hereby  attached  to  and 
made  a  part  of  tbe  Indiana  Territory. 

On  the  30th  of  Jnne,  1805,  the  northern  portion  of  Indiana  Territory 
was  cat  off  and  organized  as  Michigan  Territory.  (For  the  divisional 
line  between  these,  see  Michigan,  p.  113.) 

On  March  1, 1809,  Indiana  Territory  was  divided,  and  tbe  western  por- 
tion of  it  organized  as  Illinois  Territory.  (For  a  description  of  the  divis- 
ional line  between  these  two  Territories,  see  Illinois,  p.  113.)  On  Decem- 
ber II,  1816,  Indiana  was  admitted  as  a  State  witb  the  limita  as  given 
in  the  following  extract  itom  ibe  enabling  act,  which  have  not  since 
been  changed : 

AK  ACT  to  «uM*  tlw  p«ple  of  tke  iDdima  TmtitiTj  to  furaiA  oooMlMtta  sad  StsU  (nMiBMi^ 
lad  for  tk*  Mbalatlon  of  (Dch  State  Into  Ibe  UdIob  en  SB  eiB*!  IbMlDC  wllk  tbaoHsiBd  SMtss. 

Tbe  said  State  shall  consist  of  hU  tbe  territory  included  within  the  following 
boDndariee,  to  wit:  Bounded  on  tbe  east  by  the  meridian  line  which  forma  the  wvat- 
em  boundary  of  the  State  of  Ohio ;  on  the  south  by  the  river  Obio  ttoat  tbe  month 
of  the  Oreat  Miami  River  to  tbe  mouth  of  the  river  Wabash ;  on  the  west  by  a  line 
drawn  along  tbe  middle  of  tbe  Wabash  from  its  rnonth  to  a  point  where  a  due  dotUl 
Une  drawn  from  tbe  town  of  Tincennes  would  last  touch  the  northweotem  ahoz*  of 
the  said  river;  and  ttom  thcuce  bfadne  north  Une,  until  tlie  same  shall  Intervact  an 
east  and  west  line  dmwn  throngh  a  point  10  miles  north  of  the  sontlnn]  extmiM  of 
Lake  Hiohigan ;  on  the  hortb  by  ibe  said  eaat  aad  wast  line  notU  the  MVe  sfaall  io- 
tssMot  the  Ant-mentioned  meridian  line  wbiob  fbraii  tbe  weatoni  bonndaty  wf  the 
Btato  of  Ohio.  (Fourteenth  CongMaSt  fint  aesskti.) 
(068) 
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ILLINOIS. 

niinois  Territoiy,  origiDally  part  of  the  Northwest  Territory,  and  sab- 
seqaently  a  part  of  Indiana  Territory,  was  organized  on  March  1,  1809. 
The  following  clause  froiH  the  act  separating  it  from  Indiana  Territoiy; 
defines  its  boundary : 

AIT  ACT  for  dlTUtnc  tliB  I^luu  Tarrltor;  latD  two  wpuMc  gpwtatBtmta. 
From  and  lAer  tbe  Brat  daj  of  March  next,  all  that  part  of  the  iDdlaoa  Territorj' 
Thieh  li«a  west  of  the  Wabash  Biver  and  a  direot  line  drawn  ttom  tbe  said  Wabaali 
EiTer  and  Poaf  Tino«DDet  due  north  to  the  territory  line  between  tbe  United  States 
■nd  Canada  shall,  for  the  ptupoae  of  teraparary  govemment,  oonatilnte  a  Mparata 
Territory  and  h«  sailed  Illinois.     (Tenth  Congreas,  second  aesrion.) 

On  Seoember  3, 1818,  it  was  admitted  as  a  State,  with  its  present 
bonndaries.    The  enabhng  act  defines  these  boundaries  as  follows  : 

lis  of  Uie  nilBoU  loiTltoij  to  fonn  •  oinHtltatkni  and  State  gOTSimnait. 
■nch  State  lots  the  Union  on  u  equal  fcntlDg  with  tlu  original  SUtai. 
The  Miid  8tat«  Bbnll  coneiet  of  all  tbe  territorf  inclnded  within  the  follawlog 
boondaiies,  to  wit:  Beginoing  at  the  month  of  4he  Wabash  Biver;  thence  up  the 
Hme  and  with  tbe  Une  of  Indiana  to  the  uorthwest  comer  of  said  State ;  thenoe 
«Ut  with  the  line  of  tbe  eanie  State  to  the  middle  of  Lalie  Michigan ;  thence  north 
along  tbe  middle  of  said  lake  to  narth  latitade  forty-two  degrees  thirty  minntea; 
thence  weat  to  tbe  middle  of  the  Hieaisaippi  Biver ;  and  thence  down  along  Uie 
middle  of  that  river  to  ita  oooflueiuje  with  the  Ohio  BWer;  and  thenoe  up  the  latter 
tiver  along  ita  northweotem  ebore  to  the  beginning.     (Fifteenth  Onngress,  second 


Michigan  was  organized  aa  a  Territory  Jane  30, 1806,  from  the  nortb- 
eni  part  of  Indiana  Territory. 

The  following  clanse  ttom  tbe  act  dividing  lodiaoa  Territory  defines 
its  limits : 

ham  and  after  the  thirtieth  day  of  Jnne  next  all  that  partof  the  Indiana  Territory 
wUeb  Ilea  north  of  a  line  drawn  east  ttom  the  sontherly  bend  or  extreme  of  Lake 
HiehigaD,  anti]  it  shall  intersect  Lake  Erie,  and  east  of  a  line  drawn  from  the  said 
soatberly  bend  through  the  middle  of  said  lake  ta  ita  northern  extremity,  and  thence 
due  north  to  the  northern  boundary  of  tbe  United  States,  shall,  for  the  porpoM  of 
temporary  government,  constitute  a  separate  Territory,  and  be  called  Michigan. 
(Eighth  Congreee,  saoond  eeaeion.) 

Tbe  enabling  actfor  Illinois,  passed  in  1818,  contained  a  provisioa  trans- 
fo^ng  to  the  Territory  of  Michigan  the  portion  of  the  Territory  of  nii- 
nois not  inclnded  in  the  State  of  that  name.  The  following  is  the  t«xt 
of  the  cJaose  referred  to: 

All  that  part  of  the  territory  of  the  United  States  lying  north  of  the  State  of  Indi- 
ana, and  which  woa  inclnded  in  tbe  fbrmer  Indiana  Territory,  together  with  that  port 
oftbe  Illinois  Territory  which  issitnated  north  of  and  not  inolnded  within  the  booad- 
(66») 
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RrisB  preecribod  by  tbis  Act,  to  tbe  8t»t«  thereby  antboriied  to  be  formed,  iball  be, 
and  hereby  in,  attached  to  and  niade  apartof  tbe  Mi cbigaa  Territoty,  ftom  aud  after 
tbe  formation  of  tbe  said  State. 

Iq  1834  an  act  was  passed  extonding  tbe  limite  of  the  Territory  or 
Michigran  to  the  Missouri  Biver. 
The  danee  of  this  act  relating  to  area  is  as  follows: 

s  MiulHlppl  £iT«  ud  north  ol  lb* 
bdoMjiaii. 

All  tbat  part  of  the  tetritor?  of  the  Uoited  States  bounded  on  the  eaet  by  tbe  His- 
aiaelppi  Biver,  on  the  sonth  by  tbe  State  of  Missouri  and  a  line  drawn  dne  west  from 
tbe  iK^hwest  comer  of  said  State  to  the  Missoori  River ;  on  tbe  touthweat  and  weet 
by  tbe  Uisaonri  Kiver  and  the  Wbite  Earth  River,  falling  into  the  Mune ;  and  on  tbe 
north  by  the  northern  boundary  of  the  United  States,  idiall  be,  and  hereby  ia,  for  the 
purpose  of  temporary  government,  attached  to  and  made  a  part  of  the  Terrltoiy  of 
Michigan. 

In  1836  WiscoDsin  Territory  was  formed  ftom  tbat  part  of  Michigan 
Territory  lying  west  of  tbe  present  limits  of  the  State  of  tbat  name. 
[Vide  Wisconsin,  p.  115.) 

Bed  need  to  its  present  limits,  aa  described  iu  tbe  following  clause  &om 
ita  enabling  act,  Michigan  was  admitted  to  tbe  Union  January  26, 1837 : 

AH  ACT  to  provide  for  lbs  ndmiosSos  of  tbs  State  ot  Mloblgan  lato  the  Union. 
Beguining  at  the  point  where  tbe  above-described  northern  boundary  of  the  State 
of  Ohio  intersects  the  east-em  boniidBry  of  the  State  of  Indiana,  and  running  thence 
nith  the  aaid  bonndary  line  of  Ohio,  as  described  in  tbe  first  section  of  thin  act,  until 
it  intenects  tbe  boundary  line  betneen  the  United  Stat«e  and  Canada  in  Lake  Erie ; 
thence  with  the  said  boundary  liue  between  the  United  St«tee  and  Canada  throDgfa 
the  Detroit  River,  Lake  Huron,  and  Lake  Superior,  to  a  point  where  the  said  line  last 
Eonohee  Lake  Superior ;  thence  in  a  direct  line  thiougb  Lake  Superior  to  the  mouth 
of  the  Hootreal  River ;  thence  throngh  the  middle  of  the  main  channel  of  the  said 
river  Montreal  to  the  middle  of  the  Lake  of  the  Desert ;  thence  in  a  direct  line  to  the 
nearest  headwater  of  the  Menomonce  River ;  thence  throagh  tbe  middle  of  that  fork 
of  the  said  river  first  toncbed  by  the  said  line  to  the  main  channel  of  the  eatd  Ue- 
nomonee  River;  thence  down  the  center  of  the  main  channel  of  the  same  to  the  center 
of  tbe  most  usual  ship  channel  of  the  Green  Bay  of  Lake  Michigan ;  thence  throogh 
the  centerof  tbe  most  usual  ship  channel  of  the  said  bay  to  the  middle  of  Lake  Uiah- 
tgan;  thence  throngh  the  middle  of  Lake  Michigan  to  the  northern  bonndary  of  the 
State  of  Indiana,  as  that  line  wasestabliahed  by  the  act  of  Congress  of  the  nineteenth 
of  April,  eighteen  hundred  and  sixteen;  tiience  doe  east  with  the  north  bonndtuy 
line  of  tJie  aaid  State  of  Indiana  to  the  northeast  corner  thereof  i  and  thenoe  soDth, 
with  the  east  bonndary  line  of  Indiana,  to  the  place  of  beginning.  (Twenty-fourth 
Congress,  first  session.) 
The  above  boandaries  remain  unchanged. 


Wisconsin  was  organized  as  a  Territory  July  3, 1836.    As  originally- 
ooufltitated  its  area  comprised  all  that  pbrt  of  the  former  Territory  of 
(570) 
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tfiehlgan  wbicb  lay  oatside  of  tbe  present  limits  of  the  State  of  Michi- 
gan. The  limits  are  defined  in  tbe  act  for  its  organisation  as  fol- 
lows: 

Bounded  cm  the  east  by  a  tine  diftwn  f^om  Hie  northeMt  coiner  of  the  State  of  nii- 
noU,  thronsti  the  middle  of  Lake  Michigan,  to  e  point  in  the  middle  of  saJd  lake  and 
oppoaite  the  main  ohannal  of  Oreen  Bay,  and  throngh  cold  ohwinet  and  Oieen  Bay  to 
the  month  of  the  Menomonee ;,  thenoe  throngh  the  middle  of  the  main  chaonel  of  sold' 
mer  to  that  head  of  said  riTei  nearest  to  the  Lake  of  the  Desert ;  thence  in  a  diieot 
Une  to  the  middle  of  aaid  lake;  thence  throngh  the  middle  of  the  main  channel  of  th« 
HoDtooal  RiTer  to  tt«  month;  thenoe  with  a  direct  line  across  Lake  Superior  to  where 
11m  tenitorial  line  of  the  United  Statee  last  tonches  said  lake  northwest;  thenoe  on 
(he  norUi  with  the  said  territorial  line  to  the  White  Earth  Blver,  on  the  west  by  a  lina 
from  tbe  said  boundary  line  following  down  the  middle  of  the  main  channel  of  White 
Earth  Biver  to  tba  UjssootI  Kiver,  and  down  the  middle  of  the  main  channel  of  the 
Hiasonii  Biver  to  a  point  due  neat  fhim  the  northwest  comer  of  tbe  State  of  Uiasonri, 
■od  on  the  aonth,  &om  eaid  point,  due  east  to  tbe  northweet  comer  of  tbe  State  of 
HiMoim;  and  thence  with  tbe  bonndaries  of  tbe  States  of  Hissonri  and  Dlinois,  as 
olieady  fixed  by  acts  of  Congress.    (Twenty-fbnrtb  Congress,  first  sesdoo.) 

In  1838  all  that  part  of  tbe  territory  lying  west  of  the  Mississippi  and 
a  line  drawn  dne  north  fittm  its  source  to  the  intemational  boandary — 
that  is,  all  that  part  wbicb  was  originally  comprised  in  tbe  Lonisiana 
parcba«o— was  organized  as  the  Territory  of  Iowa.    (See  Iowa,  p.  117.) 

On  Aagost  9,  1846,  an  enabling  act  for  WiscoDsiu  was  parsed  giving 
the  boundaries  as  follows : 

Beginning  at  the  northeast  comeT  of  tbe  State  of  Illiuoie,  that  ia  to  say,  at  a  point 
in  the  oenterof  Lake  Michigan  where  the  line  of  fbrty -two  degrees  and  thirty  minutes 
of  north  latitode  oroBseH  the  same ;  thence  mnning  with  the  boandary  line  of  tbe 
State  of  Michigan,  throngh  Lake  Michigan,  Green  Bay,  to  the  month  of  the  Menomo- 
nee Biver;  thence  up  tbe  cbanoel  of  eaid  river  to  the  Bml£  Biver;  thence  up  said  last- 
mentifmed  river  to  Lake  Bmlb;  thenoe  along  the  sonthem  shore  of  Lake  Brnli  in  a 
direct  line  to  the  center  of  the  channel  between  Middle  and  Soatb  Islands  in  tbe 
Lake  of  the  Desert;  thence  in  a  direct  line  to  the  headwaters  of  Moutreal  Biver,  as 
marked  apon  tbe  snrvey  made  by  Captain  Oramm ;  thence  down  tbe  main  channel  of 
tbe  Montreal  Biver  to  tbe  middle  of  LOike  Saperior ;  tbencethrongh  tbe  centerof  Lake 
Baperior  to  the  month  of  the  Saint  Loaia  Biver,  thence  np  tbe  main  channel  of  said 
river  to  the  first  rapids  iu  the  same,  above  the  Indian  village,  according  to  Nicollet's 
map ;  thence  dne  sonth  to  the  main  branch  of  tbe  river  Saint  Croix ;  thence  down  the 
middle  of  tbe  main  cbanoel  of  said  river  to  the  Uienissippi ;  thence  down  the  center  of 
Ibe  mkiD  channel  of  that  river  t«  the  northwest  comer  of  tbe  State  of  Illinuix;  thence 
dneeoM  with  tbe  northern  l>onndary  of  the  State  of  Illinois  to  tbe  place  of  tirgtnning. 
(Twenty-nimb  Coogrese,  first  session.) 

Oa  March  3, 1847,  a  anpplementary  act  for  tbe  admission  of  Wiscon* 
sin  was  passed  by  Congress,  in  which  the  western  boundary-  of  the  pro- 
posed StAte  was  changed  as  follows: 

That  the  assent  of  Congress  is  hereby  given  to  tbe  uhange  of  boundary  proposed  in 
tbe  tliwt  ftrcicle  of  said  cooatitntion,  to  wit:  Leaviog  tbe  boandary  line  prescribed  in 
the  act  of  Congress  entitled  "An  net  to  enable  tbe  people  of  Wisconsin  Territory  to 
fom  ft  eonstitntion  and  State  government,  and  far  tbe  admission  of  snch  State  into 
tbe  UDiou,"  At  the  first  rapids  in  the  river  St.  Lonis ;  thence  in  a  direct  line  sonth- 
vatdlj  to  a  point  fifteen  miles  east  of  the  most  easterly  point  of  Lake  St.  Cn^ ; 
(671) 
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tbancedae  sonthto  tbenftinohannelof  tbe  MlaslMlppi  BiT«r  or  L*ks Pepin;  tfcenM 
down  the  anid  main  obannel,  aa  piesoribed  In  eeid  mat.    (Twenty-ninth  riiimiiiw,  mk- 
ondecMion.) 
On  Hay  29, 1818,  Wisconsin  was  admitted  into  the  tTnion. 


1CIB80URL 

The  nune  of  the  Territory  of  Looieiana  was  changed  in  1812  to  Mis- 
Boari,  by  act  of  CoDgress.  At  that  time  the  Territory  comprised  all  of 
the  original  Lonisiana  pnrcfaase,  excepting  the  State  of  Loaiaiana,  which 
had  been  formed  firom  it.  The  Territory  of  Arkansas,  with  limits  -V&j 
simUar  to  those  of  the  preseot  State,  was  formed  from  it  in  1819.  Od 
Angnst  10, 1821,  the  State  of  Missoori  was  formed  and  admitted,  with 
limits,  excepting  as  to  the  northwest  comer,  the  same  as  at  present. 

Bonndanes  are  defined  as  follows: 

Beginning  in  the  middle  of  the  MimiBaippi  Biver,  on  tbe  paraUal  of  thirly-aix  de- 
gieeeof  north  latitude;  tbence  west  oloag  that  parallel  of  latitude  to  the  Saint  Fron- 
ooia  River;  thenoe  up,  and  foilowing  the  coarse  of  tliat  river,  in  thb  middle  of  the 
main  channel  thereof,  to  the  parallel  of  latitude  oftbirty-aix  degrees  and  thirty  min- 
ntes;  thence  neet,  along  the  same,  to  a  point  where  the  aaiA  parallel  is  interseoted  by 
a  meridian-line  passing  throngb  the  middle  of  tba  month  of  the  Kansas  River,  where 
the  eame  empties  into  the  MisBoarl  Biver;  thenoe&om  the  point  aforesaid  north,  along 
the  said  meridian  line  to  the  intersection  of  the  parallel  of  Intitnde  which  paaeee 
throngh  the  rapids  of  the  river  Des  Hoinee,  making  the  said  line  to  correepoad  with 
the  Indian  boundary  line ;  thence  eaat  from  the  point  of  inteiseotiou  last  ofiireaaid, 
along  the  said  parallel  of  latitnde,  to  the  middle  of  the  channelof  tbe  main  fork  of  the 
Bald  river  Dea  Moines ;  thence  down  and  along  the  middle  of  the  main  channel  of  tba 
■aid  Biver  Des  Moines  to  tbn  month  of  the  same  where  it  empties  into  tiie  Mississippi 
Biver;  thence  dne  east  to  the  middle  of  the  main  channel  of  the  Mississippi  River; 
tbence  down  and  following  tbe  conrse  of  tbe  Mississippi  Biver  in  the  middle  of  the 
main  channel  thereof,  to  tbe  place  of  beginning.     (Sixteenth  Congress,  first  aesaion.') 

In  1836  the  boandaries  were  extended  on  the  northwest  to  the  Mis- 
sonri  Biver,  as  described  in  the  following  act  of  the  legislature  amenda- 
tory to  tbe  constitntion  of  1820: 

That  the  bonndary  of  tbe  Slate  be  so  altered  and  extended  as  to  include  all  that 
troot  ofland  lying  on  the  north  side  of  tbe  Uiseouri  Biver  and  west  of  the  present 
boandory  of  this  State,  so  that  tbe  same  shall  be  bonndedon  the  sontb  by  the  middle 
of  the  main  channel  of  tbe  Missoori  Bivei.and  on  the  north  by  the  present  northem 
boondaiy  line  of  the  State,  aa  eatablished  by  tbe  constitntion,  when  the  same  is  con- 
tinaed  in  a  right  line  to  the  west,  or  to  inclnde  so  mnob  of  said  tract  of  land  as  Con- 
gress may  assent. 

This  was  ratified  by  Congress  in  the  following  act : 

AH  ACT  tOBxtaidtha  wtateiii  baandary  of  ths  State  of  Hbwnil  to  the  Klwnii  Stv«r. 

That  when  the  Indian  title  to  all  tbe  lands  lying  between  the  State  nfMinrmuij  and 
the  MiMonri  River  shall  be  extingaished,  the  Jarisdiotiou  over  sold  lands  ahoU  bs 
bereby  ceded  to  the  State  of  Missonri,  and  the  weetero  honndary  of  Mtid  State  n^^i^ 
be  then  extended  to  the  Hiasonri  Biver.    (Twenty-foarth  Congieaa,  first  session.) 
(572) 
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The  territory  remaining  after  the  fonnatloa  of  the  State 'bore  the  name 
of  Hiasonri  for  many  years  thereafter.  Meanwhile,  however,  it  wag 
redaced  by  the  fonsatloQ  of  several  Territories  which  were  (iarved  trom 
iU  area.  In  1834,  the  part  north  of  tiie  State  of  Missouri  and  east  of 
the  Missoori  and  White  Earth  Bivers  was  annexed  to  the  territory  of  ' 
Uichigan.  (For  farther  history  of  this  portion,  vide  Michigan,  p.  114; 
Iowa,  belowj  Minnesota,  p.  118;  and  Dakota,  p.  121.)  In  1854  Kansas 
and  Nebraska  Territories  were  formed,  absorbing  the  remainder.  ( Vide 
Kansas,  p.  119,  and  Nebraska,  p.  120.) 

Xbe  following  are  the  bonndaries  of  Missouri  as  at  present  established: 
The  east  boundary  is  the  mid-cbannel  of  the  Mississippi  Biver  fhim  tjie 
mouth  of  the  Des  Moines  to  its  point  of  intersection  with  the  thirty- 
sixth  parallel  of  latitude ;  the  sonth  boundary  begins  nt  the  latter  point 
aud  runs  west  oo  the  parallel  of  36  degrees  of  latitude  to  the  Saint 
Francis  Biver,  thence  ap  the  mid-channel  of  tbat  river  to  the  parallel 
of  latitude  36°  30',  thence  west  on  that  parallel  to  its  intersection  by  a 
meridian  passing  throogh  the  middle  of  the  month  of  the  Kansns  Biver; 
the  west  bouudary  is  the  last  mentioaed  meridian  as  far  uoi(h  as  the 
uouth  of  (he  Kansas  Biver,  thence  it  follows  northwestward  the  mid- 
uhanuel  of  the  Mibsonri  Biver  to  the  parallel  of  latitude  4fP  30' ;  the 
uorth  bonndary  is  the  last-mentioned  paralld  as  for  east  as  its  point 
of  iotersection  with  the  Des  Moines  Biver,' whence  it  follows  the  mid- 
channel' of  the  Des  Moines  Biver  aoathward  to  its  month. 


Iowa  was  organized  as  a  Territory  on  July  3, 1838,  being  formed  &om 
a  portion  of  Wisconsin  Territory.  The  limits  were  defioed  as  follows 
in  the  act  creating  it: 

Ail  that  part  of  the  pieaent  Territory  of  Wiscoiwla  which  lies  west  of  the  MissiMlppI 
Kifer  and  west  of  the  line  drawn  doe  north  fi-om  the  headwaters  or  Ronrcea  of  tbu 
Uusuaippi  to  the  Territorial  line.  (Twenty-fifth  CoDj^TBiia,  second  seasion.  See  Wix- 
FOMin,p.ll5.) 

The  following  clause  from  an  act  passed  in  1839.is  suppleoientary  to 
the  above  act : 

MS  ACT  ID  deQui  ondcctabliihtbeeuteni  boiuidftry  Uueof  tbaTeiTltary  oriom, 

Hist  the  mid<lle  or  centre  of  the  niaiD  channel  of  the  river  MiMisaippi  shall  t>ii 
•leuned,  sod  is  hereby  declared,  to  be  the  eastern  bonndary  line  of  the  Territory  of 
Iowa,  so  &r  or  to  anch  extent  as  the  said  Territory  is  t>oDnded  eaatwoidly  by  or  apon 
^driver.     (Twenty-fifch  CoDgteaa,  third  Heseion.) 

Iowa  was  admitted  to  the  Union  on  March  3, 1846.  As  originallyoon- 
''titnted  the  limits  of  the  State  were  quite  different  from  those  Thi<di  it 
lias  at  present. 
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The  following  extract  from  tbe  enabling  act  gives  the  original  limits: 

That  the  foUawing  ohftll  be  tbe  boundaries  of  the  said  State  of  Iowa,  to  wit :  Be- 
ginning at  the  mouth  of  the  DesMoiDesRiverBit  tbe  middle  of  the  Hissleaippi;  thente 
by  the  middle  of  the  channel  of  that  river  to  njiaTBlleloflatitadepaaeiiig  through  the 
moDtb  of  the  Mankato,  or  Blue  Earth  Biver ;  1^eIl(;e  west  along  the  said  parallel  of 
latitude  to  a  point  where  it  ie  iaterseoted  bj  a  meridian  line,  Hevenl«eii  degrees  aod 
thirty  mlnntes  west  of  tbe  meridian  of  Washingtou  City ;  thence  dae  south  to  the 
northern  boundary  line  of  tbe  Stale  of  Missouri ;  theuee  eustwardly  following  that 
boundary  to  the  point  M  which  the  Mune  Interacts  the  Des  Moines  RiTer ;  th«)oe  bf 
the  middle  of  the  ohannel  of  that  river  to  the  place  of  beginning.  (Twenty-eighlh 
CoDgreM,  second  eeadon.) 

On  December  28, 1846,  an  act  was  ))aa8ed  changing  tbe  boondaries 
of  the  State  and  giving  jt  its  present  limits. 

The  following  extract  from  the  act  defines  the  bonndaries  as  at  present 
coDstitnted : 

BeginDing  in  tbe  middle  of  the  main  ohounel  of  the  MisHiaxippi  River,  at  a  pi^t 
dne  east  of  the  middle  of  the  month  of  the  main  channel  of  the  Des  Moines  Biver; 
thenoe  up  the  middle  of  the  main  channel  of  the  said  Des  MoineH  River,  to  a  point  on 
■aid  river  where  tbe  northern  boundary  line  of  the  Stat«  of  Hiaaonri,  asestabliiihed  by 
the  constitntioa  of  that  State,  adopted  June  twelfth,  eighteen  hundred  aiid  twenty, 
crosses  the  said  middle  of  the  main  ohannel  of  the  said  Des  Moines  River;  thence 
weetwardly  along  the  said  northern  bonndary  line  of  the  State  of  Missonri,  as  estab- 
lished at  the  time  aforesaid,  antil  an  extension  of  said  line  interoeot  the  middle  of  the 
main  channel  of  theMlaaonri  River,  to  it  point  opposite  the  middle  of  tbe  main  chan- 
nel of  the  Big  Sionx  Biver,  according  to  Nicollet's  map  ;  thenoe  up  tbe  main  channel 
of  tbe  said  Big  Sionx  Biver,  according  to  aaid  map,  until  it  is  intersected  by  the  par- 
allel of  foity-tbree  degrees  and  thirty  minntes  north  latitude;  thence  east  along  said 
parallel  of  forty-tbice  degrees  and  thirty  mlnntee,  nntil  said  parallel  interseot  the 
middle  of  the  taaia  channel  of  the  MlssiBHippi  Biver ;  thenoe  down  the  middle  <rf  the 
main  ohannel  ot  said  HiasiaBippi  Biver,  to  the  place  of  beginning. 


MINlfBSOTA. 

The  Territory  of  Minnesota  was  organized  on  March  3, 1849,  and  orig- 
inally comprised  the  portion  of  the  former  Territory  of  Iowa,  ontside  of 
the  limits  of  the  present  State  of  Iowa,  extending  east  to  the  west 
bonndary  line  of  Wisconsin.  Tbe  terms  of  the  act  creating  this  Terri- 
tory, so  far  as  they  relate  to  its  boundary,  are  as  follows : 

All  that  part  of  the  territory  of  the  United  States  which  lies  within  the  following 
limits,  to  wit:  Beginning  in  the  Hissiasippi  Biver,  at  the  point  where  the  line  of 
fbrty-tbree  degrees  and  thirty  mjnntee  of  north  latitude  crosses  the  same;  lb«nc« 
mnuing  dne  west  on  said  line,  whiob  is  the  northern  bonndary  of  the  Htat«  of  Iowa, 
to  the  northwest  comer  uf  the  said  State  of  Iowa  {  thenoe  soatherly,  along  the  west- 
urn  boundary  ot  said  State,  to  the  point  where  said  boundary  strikes  the  Iftlanonii 
Biver;  thence  up  tbe  middle  of  tbe  main  channel  of  the  Hissourt  Hiver  to  the  moatb 
of  the  White  Earth  River;  thenoe  np  the  middle  of  the  main  channel  of  tbe  Whit^ 
Earth  Biver  to  the  boundary  line  between  tbe  poasessious  of  the  United  States  nnd 
Great  Britain,  to  Lake  Superior;  thenoe  along  the  western  boundary  line  of  saiil  StHt« 
(6M) 
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ofWiMOtuia  to  the  Ulisitaippl  River;  thmce  down  the  main  ohMmel  of  s>id  river  to 
Iha  place  of  beginning."     (Tbiiiieth  CongreaB,  aeoimd  seiaion.) 

Mioneeota  was  admitted  an  a  State  on  May  11, 1858,  wiUi  the  same 
boandaries  wbich  it  bas  at  preseot.  Tbeae  are  given  in  the  enabling 
act  a»  follows : 

Beginning  at  the  point  in  the  center  of  the  main  ohumel  of  the  Red  River  of  the 
North  where  the  boundary  line  between  the  United  States  and  the  British  PoMeasiona 
trumta  the  same ;  theaee  up  the  main  channel  of  said  river  to  that  of  the  Boia  dee 
SionxEivw;  thence  up  the  main  channel  of  said  rivet  to  Lake  Traverae ;  thence  np 
ib«  center  of  said  lake  to  the  aonthem  extremit;  thereof;  tbenee  in  a  direct  line  to  ■ 
the  bead  of  Big  Stone  Lake ;  thence  throngh  it«  center  to  it«  outlet ;  thence  hy  a  due 
MDthline  to  the  north  line  of  the  State  of  Iowa;  thence  east  along  the  northern 
boDsdary  of  aaid  State  to  the  main  ohannel  of  the  MiBBimippi  River;  thence  np  the 
main  channel  of  said  river,  and  following  the  boundary  line  of  the  State  of  WiBCon- 
ainontil  the  same  intersects  the  Saint  Lonia  River;  thenoe  down  aoid  river  tb  and 
(linnigh  Lake  Boperior,  on  the  bonndaiy  line  of  Wisoonain  and  Michigan,  until  it 
InteisMte  the  dividing  line  between  the  United  States  and  the  Biitisb  PoflsesaionB; 
IheacB  np  Pigeon  Biver,  and  following  aaid  dividing  line,  to  the  place  of  beginning. 


The  Territory  ci  Kansas  was  organized  on  May  30, 1864,  from  a  part  of 
Missonri  Territory.  The  following  clanse  from  the  act  of  organlzatioil 
defines  its  limits: 

filcnOM  19.  All  that  part  of  the  territory  of  the  United  States  inolnded  witiitn  the 
Itdlowing  limits,  except  suoh  portiona  thereof  aa  are  hereinafl-er  expreesly  exempted 
from  tha  operations  oftbie  act,  to  wit :  Beginning  nt  a  point  on  the  western  boundary 
of  the  State  of  Hlaaonri,  where  the  thlrty-eeventb  parallel  of  north  latitude  croaoee 
tbeaame;  thence  west  onsaidparatlet  to  the  eastern  boundary  of  New  Mexico;  tbence 
north  on  said  boundary  to  latitude  thlrty-eigbt ;  thence  following  said  bonndary 
weatward  to  the  east  boundary  of  the  Territory  of  Utah,  on  the  annunlt  of  the  Rocky 
MonDtaiDs;  thenoe  northward  on  aaid  summit  to  the  fortieth  parallel  of  latitude; 
tbence  east  od  said  parallel  to  the  western  boundary  of  the  State  of  Missouri ;  thenoe 
■rath  with  the  western  boundary  of  aaid  State  to  the  place  of  beginning,  be,  and  the 
«ame  is  hereby,  created  Into  a  temporary  government  by  thenameof  the  Territory  of 

A  portion  of  this  Territory  was  given  np  to  Colorado  at  the  time  of  its- 
formatioD  in  1861.     ( Vide  Colorado,  p.  123.) 

Kansas  was  admitted  into  the  Union  on  January  29, 1861,  with  its 
present  bonndaries,  which  are  thns  defined  in  the  enabling  act: 

The  said  State  shall  consist  of  all  the  territory  included  within  the  followiog 
boondariea,  t«wit:  Beginning  at  a  poiut  on  the  western  boundary  of  the  State  of 
Himonri,  where  the  thirty-seventh  parallel  of  north  latitude  crosses  the  same ;  thence 
*est  on  aaid  parallel  to  the  twenty-fifth  meridi  an  of  longitude  west  from  Wsshing- 
Imi :  thence  north  on  said  meridian  tc  the  fortie.lh  parallel  of  latitude ;  tbence  east 
«■  Haid  parallel  to  the  western  boundary  nf  the  State  of  Missouri ;  thence  sonth  with 
the  resteni  bonndary  of  aaid  State  to  the  piiice  of  beginning. 

(■'75) 
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NEBBASEJu 

The  Territory  of  Nebraska  v»»  formed  od  Ma;  30, 1851,  from  the 
Dorthwestero  part  of  Missouri  Territory.  Its  limits,  as  orie:ii)aUy  con- 
stituted, are  deflnttd  as  follows  in  the  act  of  organization: 

Beginning  at  a  point  in  the  Muaouri  Biver  irhere  tbe  fortieth  pATftUel  of  nortb  lati- 
tude orotsea  the  Sftme;  thence  weal  on  tald  parallel  totheeMtboaadaif  of  theTertitoTj 
of  Utah,  on  tbe  anmiiiili  of  the  Bocky  MonntkiiiH}  thence  on  akid  sommit  northward  t4 
the  forty-nintb  parallel  of  north  latitnde ;  thence  eaat  en  aaid  parallel  to  the  we«t«iii 
boondary  of  the  Territorj'  of  Ufnneeota ;  thence  (oatliward  on  Bald  boundary  to  tb* 
'  MiwonTi  Biver ;  thence  down  the  main  channel  of  said  river  to  tbe  place  of  begin- 
ning, ha,  and  Uie  aame  ta  bei«by,  cieated  into  a  temporary  government  by  the  name 
of  the  Territory  af  Nebraaka.    (Thirty-third  Cougreaa,  flnt  Hnion.) 

This  area  was  reduced  in  1861  by  the  formation  of  the  Territories  of 
Colorado  and  Dakota.    ( Vide  Colorado,  p.  123,  and  Dakota,  p.  121.) 
The  State  of  ITebraska  was  admitted  on  March  1, 1867. 
Its  limits  are  defined  as  followo  in  the  enabling  act: 

That  tbe  aaid  State  of  Nebraska  shall  conaiat  of  all  the  territory  inelnded  within 
tbe  following  bouudarice,  to  wit :  Commencing  at  a  point  formed  by  tbe  iuteraeetiOD 
of  the  weat«m  bonndacy  of  the  State  of  Miaaoori  with  the  fortieth  degree  of  north  lati- 
tndi-;  extending  thence  due  weat  along  said  fortieth  degree  of  north  latitude  to  a  point 
formed  by  Its  intrrteotion  with  the  twenty-fiftb  degree  of  longitnda  woet  from  Wash- 
inglon ;  thence  north  along  aaid  twenty-fifth  degree  of  longitude  to  a  point  formed  by 
ite  intersection  with  the  forty-firat  degree  of  north  latitude;  thence  west  along  aald 
forty-first  degree  of  north  latitude  to  a  point  formed  by  its  interaeclion  with  tbe  twenty- 
seventh  decree  of  longitude  west  from  Washington ;  thence  north  along  aaid  twenty- 
eaventh  degree  of  west  longitude  to  a  point  formed  by  its  int^raection  with  the  for^- 
third  degree  of  nortb  latitude;  thence  east  along  said  forty-third  degree  of  north  latitude 
to  the  Eeyapaba  Biver;  thence  down  the  middle  of  the  channel  of  said  river,  with  its 
■neanderinga,  lo  its  Junction  with  the  Niobrara  Bivffr;  thence  down  Uie  middle  of  the 
obannelof  said  Niobrara  River,  and  following  the  meanderings  thereof,  to  its  Jonction 
with  the  Missouri  Bivt^r;  thence  down  the  middle  of  the  channel' of  eaid  Hisaotiri 
Biver,  and  following  the  meanderings  thereof,  to  the  place  of  beginning.  (Thiity- 
'    eighth  Congress,  first  sesaion.) 

In  1870  an  act  was  passed  to  redefine  a  portion  of  the  boundary  be- 
tween ^Tebraska  and  the  Territory  of  Dakota,  the  pertiuent  portion  of 
which  is  as  follows: 

That  BO  soon  aa  the  Slate  of  Nebraaka,  throngfa  faer  legislature,  has  given  her  con- 
sent Iberelo,  the  center  of  tbe  main  channel  of  the  Miasonri  River  shall  be  the  bonnd- 
ary  line  between  the  State  of  Nebraska  and  Territory  of  Dakota,  l>etween  the  follow- 
ing points,  lo  wit :  Commenciug  at  a  point  in  tbe  center  of  said  main  chanpel,  ni^h  ' 
of  the  west  line  of  section  twenfy-four  in  township  twenty-nine  north,  of  rangeeight 
east. of  the  sixth  princiiial  meridian,  and  running  along  the  aonie  to  a  point  weet  tif 
the  moat  northerly  portion  of  fractional  nection  seventeen,  of  township  twenty-nine 
north,  of  range  nine  east  of  said  meridian,  in  tbe  State  of  Nebraska,  as  tneauderedand 
•hown  by  the  plats  and  snrveya  of  said  aections  originally  made  and  now  on  file  in 
the  GeDoral  Land  Offioe.     (Forty-firat  Congress,  second  sesolon.) 
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In  1882  an  act  was  passed  traDSferring  to  this  State  irom  Dakota  a 
small  area  lying  between  the  Keyapaha  Biver  and  the  forty-third  par- 
allel of  latitude.    -The  following  is  the  act  in  question : 

BtiteuMstai,  •  •  *  That  the  northeni  boundary  of  the  State  of  NebnskftiluiU 
}>e,  and  herebj  ie,  mbjrct  to  the  provisioon  hereiDafler  contained,  extended  m  as  to 
ioelDdo  all  that  portion  of  tboTerrltor^p  of  Dakota  Ijing  south  of  tbe  forty-third  par- 
al]«l  of  north  latitude  and  eaat  of  the  Eeyapafaa  Biver  and  west  of  the  main  ehanael 
af  tb«  HiMviui  Kiver.    (Forty-MTentb  CoogreM,  flrat  seMion.) 


DAKOTA.  _ 

The  Territory  of  Dakota  was  organized  on  March  2, 1861,  ftvm  parts 
of  Hiunefiota  and  Bebraska  Territories.  The  following  fiom  the  act  of 
organization  defloes  its  original  limits : 

All  that  part  of  the  territory  of  the  United  States  inolnded  withiu  the  fbllowing 
limits,  namelj  :  Commencing  at  a  point  in  the  main  channel  of  the  Bed  Biver  of  the 
ITorth,  where  the  forty-ninth  degree  of  north  latitnde  otosmb  the  same ;  thence  up  tbo 
main  channel  sf  tlie  same,  and  along  the  bonndary  of  the  State  of  Minnesota  to  Big 
Stene  Lake ;  thence  along  the  boundary  line  of  the  said  Slat«  of  Uinnesota  to  the 
Iowa  line ;  thence  along  the  bonndary  line  of  the  State  of  Iowa  to  the  point  of  inter- 
section between  the  Big  tiionx  and  Uisaonri  BlTorg ;  thence  up  the  Missouri  Bivel  and 
■loDg  the  boDDdar;  line  of  tbe  Territory  of  Nebraska  to  the  mouth  of  the  Niobrara 
or  Banning  Water  Biver;  thenoe  fiillowlng  up  the  same,  in  the  middle  of  the  main 
ehannel  thereof,  to  the  month  of  the  Kehapaha  or  Turtle  Hill  Biver;  thence  up  said 
riTci  to  the  forty- third  parallel  of  north  latitnde ;  thence  due  west  to  the  present 
biniDflary  of  the  Territory  of  Washington ;  tbence  along  the  bonndary  line  of  Wash- 
ington Territory  to  the  forty<ninth  degree  of  north  latitude ;  thence  east  along  naid 
forty-ninth  degree  of  north  latitnde  to  the  place  of  beginning  be,  and  the  same  is, 
henby  orgnijized  Into  a  temporary  government  by  the  name  of  the  Territory  of  Dakota. 
(Thirty-sixth  Congress,  second  ■eaBi<Hi.) 

In  1863  the  Territory  of  Idaho  was  formed,  its  area  haviog  been 
taken  from  Washington,  Dakota,  and  Nebraska.  ( Tide  Idaho,  p.  127.) 
In  1882  a  small  area  was  transferred  to  Nebraska.  ( Vide  Nebraska, 
above.) 

The  following  description,  compiled  iirom  the  act  relating  to  Dakota 
and  other  Tenitorles  formed  from  its  area,  gives  Its  present  limits : 

The  east  bonndary  is  the  main  channel  of  the  Red  Biver  from  the 
forty-ninth  parallel  Bonthward  to  Big  Stone  Lake ;  from  the  center  of 
that  take  to  its  outlet ;  thence  by  a  dne  sooth  line  to  the  parallel  of  lat- 
itude 43^30' ;  thence  west  on  this  parallel  imtil  it  strikes  the  Big  Sioux 
Kver;  thence  down  the  mid  channel  of  the  Big  Sionx  lUver  to  its 
noDtb.  The  sonth  boundary  is  the  main  channel  of  the  Missonri  Biver 
natil  it  intersects  the  forty -third  parallel  of  latitnde ;  thence  it  follows 
the  forty- third  parallel  of  latitnde  westward  to  the  twenty-seventh. de- 
gree of  losgitnde.  The  west  bonndary  is  the  twenty-seventh  degree  of 
longitude,  and  tbe  north  bonndary  is  the  forty-ninth  parallel  of  latitude. 
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The  Territoiy  of  Moutaoa  vaa  organized  May  26, 1864,  from  a  porti<n 
of  Idabo.  Its  limite,  vhicb  have  been  ebanged  bat  slightly,  are  ff.vpa 
in  the  following  extract  fivm  the  organizing  act : 

That  all  that  put  of  the  territoiy  of  the  United  Stalee  inr]nded  within  tlie  limits 
to  wit :  Commencing  at  a  point  formed  b;  ihe  intenection  of  tlie  twen^-seventh  de- 
gree of  loogitade  we«t  from  WashiiigtnD  wilhtbe  forty-fifth  degree  of  BOrthlBtitade; 
thence  dne  west  on  said  fotty-fiftb  degree  of  latitude  to  a  point  formed  by  ita  inl«reec- 
tiou  with  the  thirty-fourth  degree  of  longitnde  west  tmm  Waebingtou;  tbeuce  dne 
aontfa  along  said  thirty-fonrth  degree  of  longitude  to  its  intereeotion  with  the  forty- 
fbnrth  degree  and  thirty  minntes  of  north  latitude ;  thence  doe  west  along  said  forty- 
fonrth  degree  and  thirty  minalfa  of  north  latitude  l«  a  point  formed  by  its  intersee- 
tiOD  with  the  orest  of  theKocky  Honntains;  thence  following  the  crest  of  the  Rucky 
Mountains  northward  till  its  intersection  with  the  fiitt«T  Boot  Honntains ;  thence 
northward  along  the  crest  of  said  Bitter  Root  Mountains  to  its  inteneetlon  with  the 
thitty-ninth  degree  of  longitude  west  from  Washington;  tbenoe  along  Raid  thirty- 
ninth  degree  of  longitnde  northward  to  the  bonndory  line  of  the  BritJah  posseesions; 
tbenee  eastward  along  aoid  bonndaiy  line  to  the  twenty-seventh  degree  of  longitnde 
weal  from  Washington  ;  thence  southward  along  said  twenty -seventh  degree  of  lon- 
gitude to  the  place  of  beginning,  be,  and  the  sane  is  hei«by  created  into  a,  temporary 
govenunent  by  the  name  of  the  Territory  of  Uontana.  (Thirty^ighth  Congrese,  flrct 
session.) 

In  1873,  Gongress,  onder  the  erroneons  impression  that  a  portion  of 
Dakota  remained  west  of  Wyoming,  and  adjoining  Montana,  passed  an 
act  to  attach  It  to  Montana.  As,  however,  no  each  detached  area  could 
by  any  poBsibility  have  existed,  the  compilers  of  the  Bevised  Statates 
sought  to  give  the  act  effect  by  shifting  a  portion  of  the  sonthem 
boundary  of  Montana  from  the  p&rallel  of  44°  Sfy  to  the  condnenta] 
watershed,  thereby  reducing  Montana's  area.  The  following  is  the  act 
referred  to:  .  ' 

AN  ACT  loreidjDit  thewwIernboaDduTofDalEOUTeiTltary. 
That  all  that  portion  of  Dakota  Trnitory  lying  west  of  the  one  hundred  and 
eleventh  meridian  of  longitude  which,  by  an  crranconB  definition  of  the  bonndariee 
of  said  Territory  by  a  former  act  of  CuugretiB,  remains  detached  and  distant  irom 
Dakota  proper  some  two  huodrpd  miles,  lie  and  the  some  is  hereby  attached  to  the  ad- 
joining territory  of  Montana.    (Forty-second  Congress,  third  session.) 

The  bonndaries  of  Montana  are  as  follovs :  Beginning  at  tbe  inter- 
section of  the  twenty -seventh  meridian  of  longitude  with  tbe  boimdsry 
line  between  the  United  States  and  the  British  possessions,  it  follows 
said  meridian  south  to  the  forty-fifth  parallel  of  latitude,  thence  vest 
on  this  parallel  to  the  thirty -fourth  meridian,  sonth  on  tbe  tbirty-foarth 
meridian  to  tbe  point  where  that  meridian  intersects  the  continental 
watershed,  thence  westward  and  northwestward  following  the  line  of 
the  contineutat  watershed  and  the  snmmit  of  tbe  Bitter  Boot  range, 
to  its  intersection  with  the  thirty-ninth  meridian,  thence  north  au  the 
thirty-ninth  meridian  to  the  boundary  line  between  the  United  States 
and  British  possessions  and  east  on  that  bonndary  line  to  the  point  of 
beginning. 
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-WyomJDg  was  organized  as  a  Territory  on  Jnl;  25, 1868,  from  tend tOT7 
preyioosly  comprised  in  the  Territory- of  IdtAo.  Its  limits,  vhich  aie 
tlie  9ame  as  originally  constitnted,  are  defined  in  the  following  clause 
from  the  act  creating  the  Territory : 

That  all  that  part  of  the  United  States  described  as  follows:  Commeitciiig  >t  the 
iatersectloD  of  the  twenty-Be ventli  meridian  of  longitude  vest  Irom  Woshln^toD 
with  the  forty-fifth  degree  of  north  latitude,  and  raniUiig  thence  west  to  the  thirty- 
rourth  meiidisn  of  west  loiigitade,  theQce  south  to  the  forty-first  degree  of  north 
luitnde,  thence  east  to  the  twenty-seventh  meridian  of  west  longitude,  and  thenoe 
nottb  to  the  place  of  beginning,  be,  and  the  same  is  hereb;,  organized  into  a  tempo- 
nry  goTemment  by  the  name  of  the  Territory  of  Wyoming.  (Fordeth  Congress, 
seoond  seaaitni.) 


COLORADO. 

Colorado  was  organized  aa  a  Territory  on  Febrnary  28, 1861,  with  tbe 
limits  which  it  has  at  present-,  being  made  from  pwtions  of  Utah,  New 
Mexico,  Kansas,  and  Nebraska. 

On  Aagost  1, 1876,  it  was  admitted  as  a  State. 

The  following  claase  from  the  enabling  act  gives  its  limits; 


Sic.  2.  That  the  said  State  of  Colorado  shall  consist  of  all  the  territory  included 
vitbJnflie  following  boundaries,  to  wit:  Commencing  at  a  point  formed' by  the  Jnter- 
Hwtion  of  the  thictj-seventh  degree  of  north  latitude  with  the  tweu^-fifth  degree  of 
taogitnde  west  from  Washington  ;  extending  tbenoe  dne  west  along  said  thirty-sev- 
eath  degree  of  north  Istitnde  to  a  point  formed  by  its  intersection  with  the  thirty- 
second  degree  of  longitude  west  item  Washington ;  tbence  dne  north  along  eoid 
thirty-aeoond  degree  of  west  longitnde  to  a  point  formed  by  its  intersection  with  the 
fbrty-llnt  degree  of  ataih  latitude ;  thenoe  due  east  along  said  forty-first  degree  of 
Borth  Istilnde  to  a  point  formed  by  its  intersection  with  the  twenty-fifth  degree  of 
loBgitode  west  tnon  Waehington  ;  thence  due  south  along  said  twenty-fifth  degree 
ef  »aat  longitude'.     (Thirty-eighth  Congress,  first  seesiou.) 


NEW   MEXICO. 

New  Mexico  was  organized  as  a  Territory  on  December  13, 1860.  Its 
original  area  formed  a  part  of  the  region  transferred  by  Mexico  to  the 
TTnited  States  by  the  treaty  of  Gaadalape  Bidalgo  and  by  Texas.  It 
was  Babsequently  enlarged  by  the  Gadsden  Purchase.  ( Vide  pp.  21 
and  22.)  The  formation  of  Colorado  Territory  in  1861  and  of  Arizona 
in  1863  reduced  its  area  to  its  present  limits.  ( Vide  Colorado,  above, 
and  Arizona,  p.  125.) 
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Tbe  following  claose  from  the  act  creating  the  Territory  gives  its 
original  limits: 

Section  U.  And  be  it  ftirtber  eDaotml,  That  all  that  portion  of  tbe  territorr  of  Uie 
United  States  bounded  as  fallows :  Begiouing  at  kpoint  in  theCo1oTadoRiv«r,  when 
tbe  boondaiT  line  witb  the  Repnb]ic  bf  Mexico  croMea  the  tame ;  thence  eMtwaidlj 
with  tbe  said  bonndaryline  to  the  RluGrsode;  tbence  following  IbemsiD  cbasnelof 
Mid  river  to  the  pu«liel  of  the  tfalrtjr- second  degree  of  north  lutitode ;  thenc«  east 
with  Raid  degree  to  ita  inteieectfon  with  the  one  bnndred  and  third  degree  of  longl' 
tnde  west  of  Qreenwich ;  thence  north  with  said  degree  of  longitnde  to  the  parallel 
of  thirty-eighth  degree  of  norib  latitnde;  tbence  nest  with  said  pamllel  to  tbe  sum- 
mit of  the  Sierra  Uadre;  Ibence  Bontb  with  iberrest  of  MidmouiiiaiDsto  tbe  thirtj- 
•eventh  parallel  of  north  latitude ;  thence  west  with  said  parallel  to  ita  inrenection 
witb  the  iKinndary  line  of  the  State  of  California;  Ibence  with  said  bonndary  line  to 
the  place  of  beginning — be,  and  tbaiamo  la  hereby,  erected  int4>  a  temporary  goTero- 
rnent  by  tbe  name  of  the  Territory  of  New  Mexico.    (Thirty-first  Congress,  first  ee»- 

The  present  boandaries  of  New  Hezico  are  as  follows :  Beginning  at . 
the  point  of  inteisection  of  tbe  one  buDdred  and  third  meridian  of  longi- 
tade  weKt  of  Greenwich  with  the  thirty-seventh  parallel  of  latitade, 
rouiiing  thence  aoath  to  its  point  of  intersection  with  the  thirty-second 
parallel  of  latitnde;  ihence  west  on  this  parallel  to  its  intersectioD  with 
tbe  £io  Grandej  thence  soatberly  down  the  main  channel  of  the  Bio 
Grande  to  its  point  of  intersection  with  the  boundary  line  between  the 
United  States  and  Mexico;  thence  witb  this  boundary  to  its  intersec- 
tion with  tbe  thirty-second  meridian  of  loogitode;  thence  north  along 
this  meridian  to  the  tbirty-eeventb  parallel  of  latitnde,  and  so  along 
that  parallel  to  the  point  of  begiaaing. 


T7TAH    TEREITOHT. 

Utab  was  organized  on  September  9, 1860,  from  territory  acqnired  from 
Mexico  by  the  treaty  of  Gnadalope- Hidalgo.  Its  limits  originally  ex- 
tended from  tbe  eastern  boundary  of  California  to  the  Bocky  Mountains, 
and  fh>m  the  thirty-seventh  to  tbe  forty-second  parallel.  This  area  was 
reduced  by  tbe  formation,  in  1861,  of  the  Territories  of  Nevada  {vide 
p.  126)  and  Colorado  (»ee  p.  123),  and  in  1864  and  1866  by  the  extension 
eastward  of  tbe  limits  of  tbe  State  of  Nevada  {vide  p.  126). 

Tbe  following  is  an  extract  from  the  act  creating  tbe  Territory: 

All  that  port  of  tbe  territory  of  the  United  States  included  within  tbe  IbUowing 
limits,  to  wit :  Bounded  on  the  west  by  Ibe  State  of  Califomta,  on  ihe  norttt  by  the 
Territory  of  Oregon,  and  on  the  east  hj  the  Bummit  of  the  Bocky  Monntaioa,  and  oa 
theeontb  by  the  thirty-seventh  parallel  of  north  latitnde,  be,  and  tbeaame  ia  hereby, 
created  into  a  temporary  goveniment,  by  tbe  name  of  the  Territory  of  Utab- 

Tbe  present  boundaries  of  Utah  are  as  follows :  Commencing  with  tbe 
intersection  of  the  forty-second  parallel  of  latitude  witb  tbe  thirty-fourth 
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meridiaD  of  loDgitnde,  ranniDg  thence  sonth  od  this  meridian  to  the 
forty -first  parallel  of  latltade,  thence  east  on  this  parallel  to  the  thirty- 
second  meridian  of  longitude,  thence  aonth  on  thia  meridian  to  its  in- 
teraection  with  the  thirty -aeventh  parallel  of  latitnde,  thence  west  opon 
this  parallel  of  latitnde  to  its  intersection  with  the  thirty-seventb  merid- 
ian at  longitude,  theuce  north  am  this  meridian  to  its  interxection  with 
the  forty-seventh  parallel  of  latitude,  thence  east  on  the  forty-seventh 
paraUel  of  latitade,  to  the  point  of  beginning. 


Arizona  was  iH'gftDized  aa  a  Territoiy  on  Febniary  24, 1863.  Its  area 
was  fonnerly  comprised  in  the  Territory  of  'Sev-  Mexico.  In  1866  a  por- 
tion of  it  was  cat  off  and  given  to  the  State  of  Nevada.  ( Ttde  Nevada, 
below.)  The  following  clanae  lixim  the  act  creating  it  giveti  its  limits 
as  originally  constitnted: 

nwt  all  that  port  of  the  present  Territory  of  New  Uexico  Bltnate  weet  ef  the  line 
niDDiBg  doe  tontti  from  tbe  point  wbete  the  eoatliweiit  corner  of  the  Territory  of  Col- 
«t«da  Joins  tbe  cortbem  boundary  of  the  Territory  of  Ke«  Mexico  to  tbe  southern 
bonndsry  line  of  said  Territory  of  New  Mexico,  1>e,  and  the  Mune  is  heniby,  erected 
iDloa  temporary  govemment  by  tbe  Dame  of  the  Territory  of  Arizona.  (For  limits  of 
tlwpieoe  cnt  off  and  added  to  Nevada,  see  that  State.) 

The  present  boundaries  of  Arizona  are  as  follows :  Beginning  at  the 
point  of  intersection  of  the  thirty-seventh  parallel  of  latitude  with  the 
thirty-second  meridian  of  longitude;  thence  south  along  this  meridian  to 
its  intersection  with  the  boundary'  line  between  tbe  United  States  and 
Mexico;  thence  with  this  boundary  totheColoradoRiver;  thence  upthe 
middle  of  the  main  channel  of  the  Colorado  Biver  to  its  point  of  inter- 
section with  the  thirty -seventh  meridian  of  longitude;  north  on  this 
meridian  to  its  intersection  with  the  thirty-seventh  parallel;  and  east- 
ward along  the  thirty-seveDth  parallel  to  the  point  of  beginning. 


ireTada,  as  originally  constitnted  on  Uarcb  2, 1861,  was  formed  from 
territory  taken  from  Utah.  Its  western  bonndary  was  made  to  conform 
to  the  eastern  boundary  of  California  {vide  California,  p.  129) ;  its  nortb- 
ern  bonndary  was,  aa  now,  the  forty-eecond  parallel;  the  eastern  was  tbe 
meridian  of  39°;  and  the  aontbern  the  parallel  of  37°.  By  the  enabling 
act  tbe  eastern  limit  was  extended  to  the  thirty-eighth  meridian.  It 
was  admitted  as  a  State  October  31, 1864,  with  above  limite  as  modified 
-       (681) 
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by  th«  eDabUng  act,  and  in  1866  its  eaetera  limits  were  still  further  ex- 
tended to  longitude  37°,  Euid  its  soothem  line  established  as  at  present^ 
the  latter  addition  having  been  made  from  Arizona. 

Is  the  act  organizing  the  Territory  the  boandaries  iu«  defined  as  fol- 
lows; 

Beglnuiiig  at  the  point  of  iutereeotion  of  tbo  fortj'-aecoud  degree  of  north  latitade 
with  the  thirty-nioth  degree  of  longitade  weat  tmta  WsBhiugton ;  thence  mnning 
•onth  on  the  line  of  aaid  thirty-ninth  degree  of  west  longitnde  nntil  it  ioteraecta  the 
Dorthem  boanduy  line  of  the  Teiritoiy  of  Hew  Mexico  ;  thence  dne  weat  to  ^e  di- 
Tiding  Tldge  eepsrating  the  wkten  of  Carson  Valley  from  tboee  that  flow  into  the 
Pacific ;  thence  on  said  dividing  ridge  northwardly  to  the  forty-Brat  degree  of  north 
latitude;  thenoe  dne  north  to  the  suathem  bonndary  of  the  State  of  Oregon;  thence 
dne  east  to  the  place  of  beginning.     (Thirty-sixth  CongresH,  second  seeaionO 

The  following  is  the  text  of  that  portion  of  the  enabling  act  relating' 
to  boandariee: 

Sec.  3.  That  the  aaid  State  of  Nevada  shall  conaiBt  of  all  the  teiritory  inelnded 
within  the  following  boundaries,  to  wit:  CommenciDgat  a  point  formed  by  the  inl«r- 
aeotion  of  the  thirty-eighth  degree  of  longitude  weat  from  Waahington  with  the 
thirty-eeventh  degree  of  north  latitude ;  tbenoe  due  weat  along  aaid  thirty-aeventh 
degree  of  north  latitude  to  the  eastern  bonndary  line  of  the  State  of  Caltforuia; 
thence  in  a  northwesterly  direction  along  the  said  eaatem  bonndary  line  of  the  State 
of  California  to  the  forty-third  degree  of  longitnde  west  from  Washingtoo ;  thence 
north  along  said  forty-third  degree  of  weat  longitnde  and  &aid  eastern  bonnduy  tine 
of  the  State  of  California  to  the  forty-second  degree  of  north  latitude;  thence  doe 
eaat  along  the  said  forty-second  degree  of  north  latitude  to  a  point  formed  by  its  )ii- 
tenectioD  with  the  aforeawd  thirty-eighth  degree  of  longitude  weat  from  Waahing- 
ton ;  thence  dne  sooth  down  said  thirty-eighth  degree  of  west  longitnde  to  the  place 
of  beginning,     (Thirty-eighth  Congress,  first  session. ) 

The  following  act  makes  the  addition  to  its  area  from  Arizona  referred 
to  above: 

AN  ACT  oonoernlDg  th*  bonuduiM  of  ths  SUte  of  lla*>da. 

That,  as  provided  for  and  cousented  to  iu  the  conatttntion  of  the  State  of  Nevada, 
all  that  territory  and  tract  of  land  adjoining  the  present  eastern  bouodary  of  the  Stale 
of  Nevada,  and  tying  between  the  thirty-seventh  and  the  forty-aecond  degrees  of 
north  latitade  and  west  of  the  thirty-seventhdegreeof  longitade  west  of  Washington, 
is  hereby  added  to  and  made  a  part  of  the  State  of  Nevada. 

Sbc.  2.  That  there  is  hereby  added  to  and  made  a  part  of  the  Stat«  of  Nevada  all 
that  extent  of  territory  lying  within  the  following  boundaries,  to  wit :  Commenciug 
on  the  th.rty-seventh  degree  of  north  latitude  at  the  thirty-seventh  degree  of  longi- 
tude weet  tironi  Waahington,  and  running  thence  aonth  on  said  degree  of  longitnde  to 
the  middle  of  the  river  Colorado  of  the  West ;  thence  down  the  middle  of  said  river 
to  the  eaatein  boundary  of  the  State  of  California ;  thence  northwesterly  along  suid 
boandary  of  California  to  the  thirty-aeventb  degree  of  north  latitnde ;  and  thence 
eaat  along  aaid  degree  of  latitude  to  the  point  of  beginning.  (Thirly-ointb  Congress, 
flist  session.) 

The  present  limits  of  Xevada  are  as  follows : 

The  east  boandary.  is  the  thirty-seveuth  meridian  of  longitade,  ex- 
tending from  the  forty-second  parallel  of  latitude  southward  to  its  inter- 
section with  the  middle  of  the  Colorado  Biver ;  tbeuce  following  the 
mid-channel  of  the  Colorado  River  down  to  the  point  where  it  intersects 
(582) 
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tiie  tbirty-flfth  parallel  of  latitude ;  the  Bonthwest  bonndary  is  the  are 
oC  a  great  circle  mnniDg  from  the  last^aentioned  point  aod  the  point  of 
intersection  of  the  one  bnndred  and  twentieth  degree  of  longitade  west 
of  Oreenwich  with  tlie  thirty  ninth  parallel  of  latitude ;  the  weet  bonnd- 
sry  IB  the  one  bnndred  and  twentieth  degree  of  longitude  west  of 
Oreenwich ;  the  north  txinndary  is  tlie  forty-second  ptLrallel  of  latitude. 


IDAHO. 

The  Territory  nf  Idaho  was  formed  March  3, 1863,  from  parts  of  Waab- 
ington,  Dakota,  and  Nebraska.  Ita  original  limlta,  which  included,  be- 
BideB  the  present  territory,  all  of  Montana  and  Wyoming,  were  ^ven 
as  foUowB  in  the  act  organizing  the  Territory: 

That  all  that  part  of  the  territoiy  of  the  United  Statea  included  witJiin  the  foUow- 
iiig limits,  to  wit:  BeginriiDg  Hi  a  point  in  the  middle  channel  of  the  Bnake  Biver 
when  the  northern  bounder;  of  Oregon  Intersects  the  same;  then  follow  down  aaid 
ciuuiiKl  of  Snake  Biver  to  a  point  opposite  the  month  of  the  Eooakooakia,  or  Cleat- 
'  wklet  Biver ;  thence  dne  north  t-o  the  forty-ninth  parallel  of  latitude ;  thenoe  east 
iIOQg  aaid  parallel  to  the  twenty -seventh  degree  of  longitude  nest  of  Washington  ; 
thence  aonth  along  said  degree  of  longitude  to  the  northern  boondaiy  of  Colorddo 
Tciritnrjr;  thence  west  along  said  boundary  to  the  thirty-third  degree  of  longitude 
west  of  Washington ;  thence  uonh  along  said  degree  to  the  forty-second  parallel  of 
luitude ;  tfaenoe  west  along  said  parallel  to  the  eastern  boundary  of  the  Stat«  of  Ore- 
gOD ;  thenoe  north  along  said  boundary  to  the  place  of  beginning.  (Thirty -seventh 
Congress,  third  aesBloii.) 

From  this  were  formed  Montana  in  1864  {vide  Montana,  p.  122),  and 
Wyoming  (vide  Wyoming,  p.  123),  in  1868,  thereby  rednciog  this  terri- 
tory, with  the  small  addition  made  in  1873  {vide  Montana,  p.  122),  to> 
its  present  limits. 

The  present  boundary  line  of  Idaho  is  as  follows :  Beginning  at  the 
intersection  of  the  thirty-ninth  meridian  with  the  boundary  line  between 
the  United  States  and  the  British  Possessions,  it  follows  uaid  meridian 
soQth  until  it  reaches  the  sninmit  of  the  Bitter  Root  Mountainu ;  thence 
southeastward  along  the  crest  of  the  Bitter  Koot  range  and  the  coiiti- 
uenial  divide  until  it  intersects  the  meridian  of  thirty-four  degrees  of 
longitude;  thence  southward  on  this  meridian  to  the  forty-second  parallel 
of  latitude ;  thence  west  on  this  parallel  of  latitude  to  its  intersection 
with  a  meridian  drawn  through  the  mouth  of  the  Owyhee  BiTer;  north 
on  this  meridian  to  the  month  of  the  Owyhee  Biver;  tlieuce  down  the 
mid-channel  of  the  Snake  River  to  the  mouth  of  the  Clearwater;  and 
Uience  north  on  the  meridian  which  passes  through  the  mouth  of  the 
Clearwater  to  the  boundary  line  between  the  United  States  and  the 
Bridah  PoBBessions;  and  east  on  said  boondary  line  to  the  place  of  be- 
ginning. 
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BOmiDAlUES  OP  THE  UmTED  HTATE8. 


Oregon  Territory  vas  organized  Aagast  14,  1818.  Tfae  groondB  rf 
oartitle  to  its  area  are  obsonre.  In  treatinf;  with  Great  Britain  forthe 
establiBhineDt  of  oar  northern  boundary  west  of  the  Bocky  MoDQtains 
this  region  was  claimed  on  three  groauds — that  of  discovery  and  occu- 
pation, the  Loaisiana  purchase,  and  cession  from  BpoiD.  On  which  of 
tSese  grooDds  we  sncceeded  in  having  the  boundary  established  on  the 
forty-ninth  parallel  will  never  be  ascertained,  and  is  of  little  moment 

The  Territory  as  originally  established  extended  from  the  forty-second 
to  the  forty-ninth  pu^lel,  and  from  the  Pacific  Ocean  to  the  crest  of 
the  Bochy  Monntalns,  with  boondaries  defined  in  tbe'  organizing  act, 
as  follows: 

All  thftt  part  of  thB  territory  of  the  UnitAd  States  which  lies  west  of  the  Bammit  of 
the  Rocky  HountBine,  north  of  tbe  fbrty-secood  degree  of  north  latitnde,  known  m 
the  Territory  of  Oregon,  iholl  be  organized  into  and  coQBtitate  a  temporary  goTont- 
ment  by  the  name  of  the  Territory  of  Oregon.     (Thirtieth  CongresB,  fiiat  seHion. ) 

In  1863  the  Territory  was  reduced  by  the  formation  of  Washington 
Territory  [vids  Washington,  below),  and  on  Febmary  14, 1850,  it  was  ad- 
mitt«d  as  a  State  with  its  present  bonndaries.  These  are  defined  below  ' 
in  an  extract  from  the  State  constitution : 

Beginning  one  marine  lesgae  at  ma  dae  vest  from  the  point  where  the  forty-aeooitd 
'  parallel  of  north  latitude  interaeotB  the  some ;  thence  northerly,  at  the  some  distanoe 
&om  the  line  of  the  coast  lying  weet  and  cippoeito  the  State,  inolodiag  all  iBloodB 
within  the  JariBdiotlom  of  the  United  States,  to  a  point  due  west  aadoppo«it«  the  mid- 
dle of  the  north  ship  channel  of  the  Colnmbia  Biver;  theaoe  easterly  to  and  np  tbe 
middle  channel  of  said  river,  and  where  it  ia  divided  by  islandB,  np  the  middle  of 
tbe  widest  chMoel  theTeof|  and  in  like  manner  up  the  middle  of  the  main  obaonel 
of  Snake  Biver  to  the  month  of  tbe  Owyhee  Biver;  thence  dae  south  to  tbe  paral- 
lel of  latitude  forty-two  degreoB  north ;  thence  west  along  said  parallel  to  the  place 
of  beginning,  including  Jurisdiction  in  civil  and  criminal  cases  upoo  the  Colnmbia 
Sivei  and  Snake  Biver  concnrrently  with  States  and  Territories  of  which  thoae  rivers 
form  a  iMnndary  in  common  with  this  State.  Bnt  the  Congress  of  the  United  States, 
In  providing  for  the  admlsBlonof  this  State  into  the  Union,  may  make  tbe  said  north- 
ern boundary  oonfbrm  to  the  act  creatiiig  the  Territory  of  Waahington. 


WAflHINOTON  TEBBITOBT. 

This  was  OTgaoized  March  2, 1853,  &om  a  part  of  Oregon  Territory. 
Its  limits,  as  originally  constitated,  were  as  given  in  the  following  clause 
from  the  act  of  Congress  creating  it : 

That  thnn  and  aAer  the  passage  of  this  act,  all  that  portion  of  Oregon  Territory 
lying  and  being  south  of  the  forty-nioth  degree  of  north  latttnde,  and  north  of  the 
middle  of  the  main  channel  of  the  Columbia  Biver  from  its  month  to  where  the  forty- 
dztb  d^^ree  of  north  latitude  crosses  said  river,  near  Fort  WalJa  Walla,  thence  witii 
■aldlbrty-Bixthdegieeof  latitude  to  the  snmmit  of  the  Booky  Ho dq tains,  be  ocgNi- 
(584) 
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iied  into  and  coDttitate  a  temponry  government  by  tbe  name  of  tb«  Tenitoirffif 
WMbingtoQ.     (Thirty-seoond  Congrsaa,  woond  asMion.) 

la  1869,  on  the  formation  of  the  State  of  Oregon,  the  reeidae  of  the^ 
Territory  of  Oregon,  being  the  portion  lying  east  of  the  preaent  limlt» 
of  the  State,  extending  thence  to  the  crest  of  tlie  Bocky  MonBtainSr 
was  added  to  Washington.  This  area,  vitb  the  part  of  Washington 
lying  east  of  its  present  limits,  vas  ineladed  in  Idaho  on  the  formation 
of  that  Territory  in  1863. 

The  present  bonndarles  of  Washington  Territ6ry  are  as  follows :  Be- 
ginning on  the  coast  at  the  month  of  the  Colnmbia  Biver ;  following^  '' 
the  main  channel  of  the  Oolnmbia  Biver  to  its  point  of  interseotioQ  witb 
the  forty-sixth  parallel  of  latitude;  thenceeast  on  the  forty-sixth  paral-  i 
lei  to  the  Snake  Blver ;  thence  down  the  main  channel  of  the  Snake 
^ffiver  to  the  month  of  the  Olearwater;  thence  north  on  the  meridian 
which  passes  throngh  the  month  of  the  Clearwater  to  the  bonndary  line 
between  the  United  States  and  the  British  possessions ;  thence  west 
with  Oiat  booodary  line  to  the  Paoiflo. 


CALIFOBHU. 

Oalifomia  was  admitted  to  the  Union  on  September  9, 1860.  Ita  area 
was  taken  from  territory  acquired  from  Mexico  by  the  treaty  of  G-nade- 
lape-Hidalgo.  Its  limits,  as  defined  in  the  State  constitntion,  are  as 
folIowB : 

Commanotaig  M  the  point  of  Inteneotloii  of  ftrtrseoond  degree  of  north  lBtltnd» 
wiOi  tlie  one  hundred  and  twentieth  degree  of  longitude  weet  from  Oreenwioli,  aaai  * 
nmning  aonth  on  the  line  of  oald  one  hondred  and  twentieth  degree  of  weat  longt-  J 
todo  until  it  inteneote  the  thirty-ninth  degree  of  north  latitnde ;  thenoe  running  fat    -. 
a  straight  line  in  a  sontheaaterlf  direction  to  the  river  Colorado,  at  a  point  where  it  " 
iuloiMvta  the  thlrty-flfth  degree  of  north  latitnde ;  thenoe  down  the  middle  of  tha 
ehaumel  of  Mid  river  to  the  bonndai;  line  between  the  United  Btatea  and  Hexioo  am 
ertablJahed  by  the  treaty  of  May  30, 1848 ;  thenoe  running  weet  and  along  uii  bonnd- 
aiy  line  to  the  Paolfio  Ocean,  and  extending  therein  three  Engliahmllea;  thenoe  roa- 
ning  Is  a  northwesterly  direction,  andfollowiuK  the  diteotlonof  the  FaBifloeoast,t» 
tha  fiwty-eaoond  degree  of  north  latitude ;  thenoe  on  the  line  of  said  fbrty^aeoond  d^ 
gree  of  north  latitnde  to  the  place  of  beginning. '  Alao  all  the  liJandii,  harbor*,  and 
l«7*'«loDg  and  adjacent  to  the  Fnciflo  coast. 
(580) 
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A.  D'V  Ki  B  T  X  S  XC  »f  s:  17  T. 

[BolMiD  No.  14.) 


Tba  pnUkMlmu  of  (hs  Cnltcd  States  0«Dl«gl<»l  Borve;  an  fused  in  aooordanoc  with  tha  tUtiitr. 
approred  MstdIiS,  ISTl^irblchdaiilanattiat— 

lie  0«idogleaI  Snna;  (ball  oondat  of  the  aonoal  report  of  opfntlima,  geological 
~M  reaouTce*  and  claialflcatlcin  of  the  landa,  and  refiana  upon  gcDeril 
!•  SMlogj  aod  palaoiiUriocT.  The  inimal  report  of  opeiatloiia  of  the  Gooloitlca]  Snrve; 
aball  aaanspao;  Um  aimiul  nport  of  the  6«or«tftr;  of  the  Interior.  All  apeuial  memoir*  and  repoiia 
ef  said  Snrrej  ahall  be  lamed  In  Dnlform  quarto  serle*  if  deemed  neoeMary  b;  the  Dtreotor,  bat  ocfaer- 
wlae  In  oidlnaiT  oot»*oa.  Three  tlnanuid  copio*  of  each  ihali  be  pnbllahed  for  soienUlla  exchange* 
■od  r<f  ate  at  the  pTle«  of  pabhesUDn  i  and  all  Iltararj  and  eartograplilo  materials  reoelTed  In  exchange 
•ban  be  the  property  of  the  United  Statea  and  form  a  part  of  the  library  of  the  OTEaniiatlrai :  And  the 
Dwaer  teaoItiDg  from  the  ula  of  nuih  pnbllcaUans  shall  he  ooTered  Into  the  Tre.  inrj  of  the  United 
Btktaa." 
Od  Jnly  T,  isra,  the  following  Joint  resolution,  Tsfknlng  to  all  Qorennnent  pobUoatlotis.  waa  pasMd 


"Thatwhenerer  an;  doenmeut  ornport  shall  be  ottered  printed  b;  Congieas,  there  ahall  be  printed 
In  addttlon  to  the  number  In  each  oaae  stated,  Oie  'nsoal  nnmber'  (1,>0II}  of  ooplea  for  binding  and 
dlafarflFCitiaa  among  thoM  entitled  to  reoelve  tbem." 

tlDder  tbeee  general  lam  It  wHl  be  aaen  that  none  of  the  Surrey  pnblloatlons  sre  famished  to  it  (or 
KratsltoiiB  dUribntkm.  TlMa,(IM«Fpiesofaie  AunnalBeportaredistribnted  Ihion^  tbedocammt 
noiDBsfCoBgna*.  The  l.MO  ooplea  of  eaob  of  the  pabUoatlona  are  distriboted  to  the  offieera  of  the 
ta  and  to  statsd  depoaltories  thiDDghont  the  United  Stales. 

'•OTof  an;  publication  la  anppllad  to  thl*  offlo* 

u  has  been  done  in  the  can  of  the  Saoond,  Third,  Fourth,  and  Fifth 

Ansaal  Beparta,  <«  wbere  a  Dnmber  has  baco  ordered  for  Its  naebythoSaoretary  of  the  Interior,  as  in 

DMoaeaflUDenl  Kasoarceaand  IMotionary  of  Altltodea,  tbeSorTeyhaanooaplMof  anyofltspab' 

lloMiMsfingnlBltoaadtstribntiaa.  *    ^ 

aKNOAL  RBPORTS- 

Of  the  Araiial  Keporta  tbere  have  bean  already  pnbllahed ; 

-    ^    ■   -         ,)  BopoTt  ta  the  Hon.  Carl  Sohnn,  by  Clarsuee  King.     1880,   tP.    TV  pp.    1  msp.-'A 

and  pablicaUons. 

le  United  States  Oeologioal  SBrrey  for  UW-'Bl,-by  J.  W.  Powell. 
mki     9'.    It,  U8  pp.  a  pL   1  map. 

HL  Third  Aamial  Rep«ct  of  the  United  Slates  Geologleal  Sarrey,  IMl-'ga,  by  J.  V.  PomU.  1881. 
V".    iwn,  tH  pp.   91  pL  and  nnpa, 

IT.  Towth  Ansnal  BepoK  of  the  Unltad  States  Oaologloal  BnrTey,  ISn-'Bt,  by  J.  W.  Powetl  UM. 
W,  xU,  m  pp.  IS  pi  and  mapa. 

Tli»  mih  Aannal  Baport  Is  In  ptass. 

HOITOORAPHS. 


Of  tba  UoDagtapha,  Koa.  H,  m,  IT,  Y,  TI,  Vn.  and  vm  are  now  pnbUahed.  Tia: 

H.  TatlwTHUi>ryaftheBiBiHlCaflonI>t>«rJet,wlthatIaa,byClai«ncea.Ihitton.Cq>t.,U.  a.  A. 
U8X.     IP.     xlT.lHpp.   43  pL  and  atlas  of  H  sheela  fldlo.    PrloaflO.lS. 

HI-  OMilocy  of  the  Comstook  Lode  sod  the  Waaboe  DlsCtlot,  with  sOh,  by  Oeoige  T.  Beaker. 
xaa.     #>.     xT,4ISpp.   TpLandatlasof  ZlshsetefMlo.    Prioeni. 

IT.  Casnatniik  Mining  and  Minora,  by  Blot  Lcid.    ISgB.    4°.    itr,  4tlpp.    IpL    Price  )1. SO. 

T.  Cappar-haariBg  Bocha  of  Lake  Bnpotler,  by  Boland  D.  Irrlag.  IMS.  4°.  irt,  4M  pp.  IS  L 
»^     Prloetl.K. 

TI.  CeatHbatloni  to  the  Knowledge  of  the  Older  Ueaoaolanoia  of  Tlrglnia.bjWa.M.rontalns. 
IMS.     4P.    4  144 pp.    ML    M pL    Prioa fl.Sfi.  * 

TO.  HD«<r4ealDepsal(aof  ■nraka,ireTada,byJoaeph8.  Cnttla,    UH.    40.     xill,  300  pp.    11  pL 

Tin-  Paleontaleo  «f  the  gnreka  DIatrtot.  by  Chariaa  D.  Valeott.  I»4.  4f.  xUi.  ISO  pp.  Ml. 
WpL     PttoaK.10. 


ADTEBTISEHENT. 

Thr  falloirinj;m»  iopiewi,  vli: 

IX.  BruhiDpnriH  Bud  Lainslliliruielilauattbt  lUriUo  Clkja  ud  GrMawnd  Haili  of  Ssir  Jamj, 
by  Kobfrt  P.  WbltBeld.    1885.    i".    U.  388  pp.    WpL 
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188S.    4°.    —.  —  pp.    Sflpl. 

XL  Gaologlcal  Hiilory  of  Lake  Lahontao,  ^  tioMmtairj  L4ke  of  ITortfaimtera  KstiiU,  bylnil 
CookRnnMU.    1BB6.    A",    -,-pp.    « pL 
The  fullowlng  are  In  prepiintijaii.ili; 
I.  The  Preoluns  UeUli,  bj  CUniioa  King. 

Geology  and  Utnlog  Indiutry  of  LsadvUle.  irllh  MlM.  by  B,  F.  BnimeiM. 
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BCLLBmra. 

Tb»  BnllflUuB  of  the  Snrve;  wlU  ooDtaln  toeh  papen  relatliig  to  (he  Keneral  poipoie  «f  iti  wmk  ai 
do  Dot  properly  oome  under  the  heada  of  Ahbcil  KxFom  or  UoMOORAFBa. 

Btab  at  Iheae  BnlJetina  will  eantatn  but  one  paper  and  irlll  be  eomplsto  In  ttMlf.  They  wlU,  how- 
ever, be  numbered  in  a  oontlnoona  eerleB,  and  will  In  time  be  united  Into  voluioee  of  (wnvenlail  ■>», 
To  fulUUte  thlt  each  Bulletin  will  have  two  poglnatlanB,  one  proper  to  Iteelf  and  another  lAlch  be- 
loa^B  to  It  a*  part  of  the  Tolome. 

Of  ChlaBerieaof  BuUetlna  No*.  1  to  U  are  already  publlehed,  via ; 
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7*.  M*poteca  Oeologlaa  Ametioww.  A  oMalogae  ot  Ksoloclasl  m^ia  of  America  (North  and  SoBth), 
ITG2-lsai.  by  Jules  MoreoD  and  John  Belknap  Har«on.    1884.    8°.   IB4pp,    Price  U  oents. 

8.  On  SeooDdary  Ealargemenls  of  Hineral  Fragmeats  la  CetU^n  Books,  by  B.  D.  Irving  and  C.  B. 
'Vanhlse.    1884.    8°.    H  pp.    8  pL    Price  10  cenle. 
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1*JIEFACE, 


Eariy  in  1881  one  of  as  Bobmitted  to  Prof.  Q.  P.  Becker,  greologiet 
io  ebm-ge  of  tlie  Division  of  tbe  Fociflc,  a  brief  digest  of  the  facts  sbow- 
iog  tlte  siDgnlar  adaptability  of  the  electrical  properties  of  tbe  iron-c»r- 
Iwrets  for  tbe  classification  of  these  prodocts,  with  tbe  reqnest  tbat 
permifision  be  giveu  ns  for  the  extension  of  tbe  vork  in  tbe  laboratory 
of  tbe  Getdogical  Sarvey.  Professor  Becker  at  once  indorsed  the  project 
enthnsiastJeally,  and  owing  to  bis  advocacy  onr  proposal  shortly  after 
received  the  assent  of  the  Hon.  Clarence  King,  then  Director  of  tbe 
Survey, — given  with  the  proviso  that  tbe  electrical  researches  be  not 
prosecuted  to  snob  an  extent  as  to  occapy  as  exclusively. 

Divers  special  investigations  and  routine  duties,  together  vitb  the 
labor  involved  in  providing  for  tbe  organization  of  a  physical  laboratory, 
prevented  ns  from  giving  tbe  furtherance  of  the  proposed  researches 
the  attention  necessary.  Xeveriiheless,  data  of  a  varied  character  con- 
tinually accnmnlated,  while  tbe  scope  and  the  conception  of  onr  general 
problem  enlarged  at  an  unexpectedly  mpid  rate.  The  publication  of 
onr  results  in  some  connected  form,  therefore,  arged  itself  more  and 
more  serioosly  npon  os. 

About  a  year  ago  onr  plan  was  effectnally  enconraged  by  Prof.  F.  W. 
Clarke,  chief  chemist  of  the  United  States  Geological  Survey. 

The  experiments  to  be  discnssed  io  this  memoir  have  occnpied  our 
avaiUble  time  daring  the  last  five  years.  Kotices,  more  or  less  com- 
plete, have  appeared  abroad  from  time  to  time  in  places  not  readily 
accessible  to  tbe  pablic.  Some  of  the  papers  it  was  deemed  neces- 
sary to  publish  in  German  with  considerable  fullness.  Bat  all  English 
publication- bos  been  purposely  delayed,  not  only  becanse  we  desired  to 
redace  the  results  originally  expressed  in  terms  of  tbe  German  stand- 
ards to  the  more  carrent  and  now  legal  denominations  of  ohm,  volt,  etc.,' 
bat  principally  becanse  it  seemed  expedient  for  facility  of  comparison 
to  refer  all  our  data  to  tbe  aniform  temperatnie,  zero  centigrade.    This 

'  In  making  this  rednction  the  legal  eqnntiou,  I  ohm  =  1.06  S.  U.,  n'ns  mnde  age  of 
Id  kll  clikptere  irith  the  exception  of  III  Aud  IV,  the  reaulte  or  which  were  reduced 
at  an  earlier  date  and  when  1  obm  =  LOT)  S.U.  appenred  to  be  nenrer  the  trath.  This, 
however,  is  of  no  serions  Bi(rniQcnnce,  becanse  in  these  chnpters  the  nlntive  valnea 
ofrasisUuiceate  alone  of  interest.  The  abeolote  accuracy  of  the  rediiued  valaea  is  of 
coarse  Immediately  dependent  on  the  absolnt«  accarocy  of  the  Oenuan  standardB 
(Siemens)  at  onr  dispoeal. 
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premised  an  accarate  knowledge  of  tbe  relation  between  electiical  con- 
ductivity and  temperature  for  iron,  for  et«el  in  different  states  of  tem- 
per, and  for  cast  iron,  and  required  excessively  tediooB  labor. 

The  results  iu  Chapter  I  on  the  electrical  temperatnre-coefflcieot  of 
iroQ-carbnrets  present  an  unexpected  range  of  variation,  and  thns  pos- 
sess intrinsic  interest. 

In  Chapter  II  we  investigate  and  discuss  the  conditions  of  the  opera- 
tion of  tempering.  This  chapter  is  fundamental.  Sach  facts  as  essen- 
tially sustain  the  argameat  underlying  the  whole  of  the  present  work 
are,  therefore,  emphasized  with  a  larger  number  of  experimental  data 
than  would  otherwise  be  necessary. 

In  Chapter  III  we  attempt  to  throw  new  light  on  the  laws  set  forth 
in  Chapter  II  by  following  them  into  their  ulterior  consequences.  With 
the  aid  of  certain  allied  electrical  properties  of  alloys  and  of  malleable 
cast  iron,  the  nature  of  the  phenomenon  of  hardness  as  presented  by 
steel  is  discusBed  from  every  available  physical  and  chemical  point  of 
view,  within  the  scope  of  the  present  pnrposes. 

In  Chapters  IV,  V,  and  VI,  the  method  for  the  accurate  definition  of 
hardness,  and  the  scheme  of  operations  for  tempering  developed  in 
Chapter  II,  f^e  consistently  applied  to  analogous  magnetic  phenomena. 
The  nature  of  the  dependence  of  magnetization  on  the  three  independent 
variables  of  cylindrical  rods,  viz:  carburation,  ratio  of  dimensions,  hard- 
ness, for  given  conditions  of  structure,  is  carefully  discussed  and  in  part 
graphically  represented.  Bales  are  finally  given  for  the  treatment  of 
magnets,  such  that  exceptionally  great  retentiveness,  both  as  regards 
the  burtfnl  effects  of  temperature  and  time  and  of  shocks,  may  be  con- 
veniently attained  with  tbe  least  available  sacrifice  of  magnetization. 

We  may  add  that  a  supplementary  Bulletin  is  now  in  preparation, 
in  which  the  very  remarkable  annealing  effect  of  high  temperatures 
(400O.  .1000°)  will  be  magnetically  discussed,  and  furthermore  the  de- 
gree of  approximate  coincidence  between  the  physical  state  (of  tbe 
necessarily  linear  rod)  characterized  by  tbe  unique  maximum  of  maig- 
netizability  and  tbe  physical  8tat«  of  maximum  density  of  steel,  will  l>e 
determined.  That  these  states  must  be  found  very  nearly  coincident, 
our  present  results  permit  us  to  predict. 

In  Chapter  YII,  finally,  we  endeavor  to  generalize  upon  the  foregoing 
results,  as  a  whole ;  to  restate  the  fundamental  laws  with  greater  ac- 
curacy and  breadth  of  scope  than  was  possible  in  the  earlier  chapters ; 
and,  finally,  to  deduce  l^m  all  a  method  for  the  physical  definition  of 
iron-carburets. 

JUinor  discussions,  the  relevancy  of  which  does  not  justify  their  im- 
mediate introduction  into  the  chapters  proper,  are  freqaently  intro- 
dnced  as  addenda. 

We  desire  in  this  place  particularly  to  emphasize  that  throughout  the 
present  work  the  terms  "tkenao-eleetricallypimtive''  and  "  thermo-elec- 
tTic(dly  negative"  are  to  be  understood  in  the  way  defined  by  the  original 
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iDTestigstors,  Seebeck,* Beoqaerel,* Haukel ;*  i.e., with  reference  to  the 
series  arranged  thng : 

—  Bi.'...  Ca...  Pe....  Sb+, 

an  acoeptataoD  which  we  believe  to  be  general  on  the  Continent.*  In 
England  the  above  terms  are  received  in  a  senae  which  ia  precise!}'  the 
opposite  of  this ;  that  is,  with  reference  to  the  thernto-electric  aeries,' 
arranged  thus: 

+  Bi Ca...  Fe Sb— . 

Of  the  two  methods  of  daaignation,  the  latter  is  obviously  the  more 
kvieal  and  consistent,  as  will  readily  be  seen,  for  instance,  if  the  g^- 
vanic  and  the  thermo-element  be  analogously  described.  And  if  we 
refnuaed  firom  embodying  the  latter  acceptation  in  this  memoir,  we  have 
done  80  merely  because  of  the  great  liability  to  error  enconntered  in 
changing  the  sense  of  every  thermo-electric  expression  and  diagram,  as 
well  as  the  signs  of  alt  of  the  many  thermo-electric  data.  Isolated  con- 
atmctjons  are  too  apt  to  be  overlooked,  and  this  in  a  way  completely 
to  mar  the  drift  of  the  context.  But  the  English  reader  will  find  no 
difflcolty  in  making  this  change  of  sign  for  himself  in  any  set  of  thermo- 
electric data  which  may  interest  him.  To  avoid  all  misconception,  more- 
over, we  give  the  direction  of  current  in  each  essential  case. 

Unch  of  the  work  was  done  abroad  in  Professor  F.  Kohlrausch's  la- 
boratory. Itia  a  pleasant  duty  which  permits  as  to  extend  to  Professor 
K<Atrau8ch,  in  this  place,  our  gratefal  acknowledgments,  not  only  for 
the  kindly  interest  witit  which  he  regarded  the  progress  of  the  experi- 
ments throoghoat  their  extent,  but  for  much  valuable  advice  by  which 
tbe  papers  have  materially  profited. 

We  de^re  to  mention,  in  concluBion,  that  work  done  by  us  conjointly, 
if  published  in  German,  is  to  be  put  under  S.  and  B. ;  if  in  Bnglish,  under 
B.  and  S.,  conformably  with  an  original  agreement. 

C.  BABUS. 

V.  8TROUHAL. 

Phtsioal  Labobatoby, 

United  States  Qkolochoai,  Surtbt, 

Washington,  Dteember  1, 1884. 
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SUPPLEMENTAL. 

The  principal  contents  of  the  sapplementary  !bn11etin  referred  to  io 
tho  above  pre&ce  may  expediently  be  placed  on  record  here: 

1.  The  inter-dependence  of  density,  electrical  condnctivity,  maximnm 
of  permanent  magnetization,  maximnm  of  permanent  bardness  of  linear 
cylindrical  Btecl  roda,  nnder  all  permissible  conditions  of  temperatnre. 
The  location  of  the  nniqne  magnetic  maximnm. 

2.  The  bearing  of  temperature  and  time  of  expoenre  on  the  temper- 
valne  of  the  color  of  the  oxide-fllms. 

3.  The  internal  stniotare  of  tempered  steel. 

4.  Certain  synthetic  methods  oC  prodnction  of  iroo-carbnrets,  avul- 
able  for  the  constmction  of  the  classification- diagram. 

B.  &  S. 
WASHINCfTOH,  March  27, 1885. 
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rNTRODUCTION. 


To  avoid  ambiguity  and  vagaeness  we  will  state  here,  at  the  outlet, 
that  the  couaid«ration8  presented  in  this  memoir  apply  to  that  species 
of  hardness  which  caii  be  imparted  to  steel  by  a  proucsa  of  temper- 
iog;  i.  e.,  by  a  process  of  sadden  cooling  from  a  giveu  tem[>eratare 
in  red  beat,  accompanied  by  a  stated  amouot^f  subseqnent  annealing. 
Snch  an  operation,  regarded  as  a  method  iu  virtue  of  which  the  metal 
acted  npon  experiences  a  particular  and  characteristic  kind  of  strain, 
must  be  accompanied  by  a  series  of  physioil  effects  peculiar  to  itself. 
It  is  true  that  the  conditions  which  determine  the  efficacy  of  tem[>eriug 
will  tiiemselves  have  to  be  accurately  defined.  Even  under  favorable 
circumstances  these  are  not  thoroughly  within  the  observer's  control, 
or,  at  best,  are  attainable  with  extreme  difficulty.  All  resnlts  are,  there- 
fore, distorted  by  a  variety  of  anomalies.  But  in  the  great  namber 
of  data  investigate^  a  certain  normal  effect  clearly  appears,  and  it  is 
to  this  that  onr  remarks  apply.  In  other  words,  we  have  been  led  in 
an  unavoidably  laborious  way  to  the  resnlts  of  theoretically  perfect 
tunpering. 

With  regard  to  the  hardness  of  steel,  we  cannot  as  yet  rigidly  discrimi- 
nate between  the  effect  to  be  ascribed  to  a  change  in  the  quality  of  car- 
boiation  and  that  which  is  dae  to  the  strain  simultaneously  experienoeil ; 
t.  e.,  the  numerical  value  of  the  importance  of  the  said  effects  has  as  yet 
remained  undeterminable,  though  much  has  been  done  tAward  assigning 
to  each  its  respective  limit.  But,  aprioriy  in  so  far  as  the  characterof 
this  strain-effect  will  enable  ns  satisfactorily  to  interpret  a  majority 
if  not  all  of  the  attendant  physical  phenomena,  we  are  temporarily 
justified  in  gi\ing  the  mechanical  postulate  preference.  At  all  events 
it  is  frequently  permissible  to  abstract  from  the  chemical  change 
altogether,  and  to  speak  of  tempering  a  rod  to  glass- hardness,  just  as 
ve  do  of  magnetizing  it  to  saturation,  far  instance.  Both  operations 
may  be  said  to  be  such  that  more  of  a  given  kind  of  strain  (hardness  in 
the  one  case  and  magnetism  iu  the  other)  is  originally  imparted  to  the 
rod  than  it  itf  able,  o/itgelf,  to  maintain.  A  part  of  this  disappears,  while 
a  residue,  characteristic  of  the  nature  of  the  rod  and  of  the  physical  cir- 
cumstances nnder  which  it  exists,  is  i>ermanently  retained.  This  oon- 
sidefation  snggests  some  analogies  between  hardness  and  magnetism. 
Irrespective  of  its  practical  importance  and  ftom  a  purely  physical 
point  of  view,  tempering  possesses  an  intrinsic  interest  inferior  only  to 
magnetization,  or  indeed  comparable  with  it.  Of  the  enormous  stress 
«hich  the  former  operation  enables  us  to  apply,  the  steel  rod,  in  virtue  of 
a  pecoliar  internal  structure,  retains  a  phenomenal  amount.  This  great 
inteoaity  of  avfulable  strain  we  may  cause  to  disappear  as  gradually 
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or  to  reappear  as  often  as  we  please.  Conformably  with  tbe  change 
of  mechanical  state,  the  extreme  values  of  the  electrical  and  magnetic 
properties  of  etee!  comprehend  a  similarly  extended  iotervf^.  We  are 
thus  enabled  to  follow  these,  in  the  case  of  the  same  material,  through 
arangeofvariation  that  is  enormons,  and  mnst  throw  new  light  on  their 
intrinsic  oatare. 

Another  point  deserves  brief  mention  here.  If  we  conceive  a  Uicoret' 
ically  perfect  process  of  tempering  to  glass-hardness,  and  suppose  it 
applied  to  rods  identical  in  every  respect,  the  results  mnst  necessarily  be 
Identioai.  In  other  words,  the  type  of  internal  etniciure  presented  by 
the  first  would  be  roprodnced  in  all  subsequent  rods.  Take  the  com- 
paratively simple  but  important  caaeof  cylindrical  rods :  The  density  of 
the  elementary  cylindrical  shells,  coaxial  with  the  respective  cylinders, 
would  be  the  same  for  the  same  radios ;  the  distribution  of  density 
alongslmilar  radii  would  follow  the  same  law.  If  now  the  rods  be  iden- 
tically annealed  the  results  must  still  be  identical,  and  thus  we  arrive 
eventually  at  identical  soft  states.  It  follows,  therefore,  that  for  rods 
of  the  same  dimensions  {diameter)  and  composition  the  magnetic  prop- 
erties are  immediately  comparable  as  functions  of  Jiardness. 

This  we  are  no  longer  at  liberty  to  assume  when  the  (cylindrical)  rods 
otherwise  identical,  have  different  diameters.  For  this  reason  alone  the 
rods,  though  tempered  alike,  {.  e.,  subjected  to  the  same  operation,  are  to 
be  regarded  as  structurally  dissimilar.  It  is  in  place  here  to  present  Bome 
concise  meaning  for  the  term  "  structure  "  as  applied  to  hard  steel  rods. 
We,  therefore,  define  it  as  the  law  of  the  variation  of  density  encoao- 
tered  on  a  {tasaage  along  any  radius  of  a  given  (cylindrical)  steel  rod 
from  its  axis  to  its  circumference.  This  premised,  it  is  not  absolutely 
impossible  (however  improbable)  that  rods  of  different  diameters,  idon- 
tieally  tempered,  may,  caterU  parHms,  show  identical  structures.  That 
such  a  unique  condition  of  things  cannot  be  postulated  is  obvious  at 
once.  Indeed,  the  manner  of  variation  of  the  law  of  distribution  of  den- 
sity, as  we  pass  from  rods  of  a  given-  thickness  to  rods  of  any  other 
thickness,  la  not  even  co^jecturable,  and  we  cannot,  therefbre,  cooaist- 
entty  compare  the  magnetic  Intensitaes  of  rods  of  different  diameters  as 
fhnctions  of  harduess.  In  the  most  favorable  case  we  would  encounter 
in  our  passage  from  rod  to  rod,  besides  the  difference  of  hardness,  some- 
thing of  the  nature  of  a  change  of  parameter,  expressing  the  necessary 
difference  of  internal  structure  referred  to.  In  other  words,  it  will  bo 
shown  in  the  sequel  thalT  with  a  given  thickness,  a  characteristic  fibmily 
of  magnetic  curves  may  be  obtained,  referred  to  hardness  and  length  of 
rod  as  iudependent  variables.  We  infer  that  suoh  a  family  exists  for 
each  thickness,  and  that  our  passage  from  one  given  diameter  to  anotJier 
is  expressible  by  a  difference  in  the  value  of  a  parametiio  constant. 

We  have  mentioned  magnetic  phenomena  in  particular,  because  it  is 
here  that  the  evidence  derived  from  data  iliustrating  the  influence  of 
stractore  is  singularly  cogent. 
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THE  ELECTRICAL  AND  MAGNETIC  PROPERTIES  OF  THE  IRON- 
CARBURETS. 


By  Cabl  Babus  and  Vihcemt  Stkouhal. 


CHAPTER  I. 

OS  THE  RBtATlON  BETWEEN  BI^KCTKICAL  CONDUCnVITY  AND  TBM- 
PERATUKE  IN  THE  (;ASKOF  STEEL  IN  DITFEttENT  STATES  OP  HABD- 
NBSS,  OV  WBOUOHT  IRON,  AND  OF  CAST  IBON. 


Earlier  results. — Tbe  experiments  made  thus  far  od  tlie  resistance- 
effect  of  temperature^  scArcely  permit  us  to  diatinguiab  in  tfaispartiCDlar 
between  iroii  and  steel.  In  fact,  the  data  in  hand  for  the  said  coeffi- 
cients lie  within  ahont  the  same  interval,  0.004  to  0.005,  both  for  the 
ODe  metal  and  the  other.  We  will  give  as  examples  some  of  the  best 
resnits  of  earlier  observers. 

According  to  Monasoo,'  tbe  electrical  reaistance  «,  at  tbe  temperature 
t  is  expressible  in  terras  of  s^  the  comtsponding  qaantity  at  zero,  by 
an  equation  with  a  single  constant: 

»,=«.  (1+0.00421x0 
Tor  iron; 

'<=«.  (1+O.OOlOCxO  to  s,=a,  (1+0.00424x0 
Tor  steel. 

Benoit,*  who  carried  his   researches  to  much  higher  degrees  and 
ihroagh  much  greater  intervals  of  tem)>eratiire,  finds: 
»,=«„  {1+0.00452  -  (+0.000  005  83  ■  P) 
case  of  iron ; 

8,=(1+0.00498  •  (+0.000  007  36  ■  (») 
case  of  soft  steel. 

ITevertheless  we  felt  justified  in  believing  that  these  researches  ia 
case  of  a  substance  which,  like  steel,  is  capable  of  existing  in  bo  many 
enormoosly  different  states  of  hardness,  which  presents  sach  an  iacom- 
parsbly  wide  range  of  values  of  electrical  conductivity,  are  f^  from 
complete;  weregardedtheaBSertionwarrantabletbatsteel  cannot, ander 
all  circuinBtances,  possess  a  temperatare-coefScient  of  electrical  resist- 
anoe  bo  little  different  from  that  of  iron.    Indeed,  we  bad  reasons  to 

.   Tor  a  very  completo  digest  of  the  experlmeotal  reaults  iu  question,  bm  O.  Wiede- 
maon,  Lehre  von  der  Elektricitiit,  I,  p.  502-^10,  188-^. 

Vonnan:  O.  Wiedemann.  1.  c,  p.  507. 

•Beaoit;  Compter  Bend.,  L^SXVI,  p.  M2.  1W3.    Carl's  Rep.,  IX,  p.  56,  1873. 
(007)  15 
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presume  tliat  between  the  reaietance  of  a  metal  in  any  given  physical 
state  and  the  corresponding  temperature-coefflcieDt,  a  relation  would  in 
all  probability  be  discoverable,  aud  that  an  example  of  snch  a  relation 
conid  be  most  satisfactorily  studied  with  steel  itself. 

Analogous  behavior  of  alloys. — Borne  facta  lending  favor  to  this  view 
may  be  cited.    It  is  known  that  alloys  of  two  metals  vary  in  marked 
degree  us  regards  their  electrical  conductivity  with  the  relative  quan- 
tity of  a  second  or  foreign  metallic  ingredient  added  to  the  original 
metal.    Great  numbers  of  valuable  results  on  these  relations  have  been 
gathered  by  Matthiessen  and  Vogt.'"    Thus,  for  instance,  the  alloy 
silver-platinum,  according  to  these  observers,  shows  the  following  elec- 
trical behavior:     If  A,  be  the  (relative)  electrical  conductivity  of  a 
given  silver-platinum  alloy  at  f^ ;  if  volume-percents  of  platinum  alloyed 
to  silver  be  understood;  and  if  the  wires  be  supposed  hard  drawn;  then. 
Platinum,    0       per  cent.  A,=100        -0.38287  ■  t+0.000  984  8     -fi; 
Platinum,    2.51  per  cent.  A,=  31.640-0.1)3930  ■  (+0.000  036  42    • 
PlaUnum,    6.05  per  ceiit.  A,=  18.031-0.01395  •  i+0.000  Oil  83    ■ 
Platinum,  19.66  per  cent  A,=     6.696—0.00221  •  (-f-O.OOO  001  393  •  (*. 
If  we  have  reference  to  a  small  interval  of  temperature  only,  these 
results  may  be  more  iwrspicriously  given  by  the  ^d  of  a  single  (mean) 
coefficient  calculated  from  the  observed  conductivities.    More  simply, 
therefore, 

Platinum,  0  per  cent.  A,=100  (1 —0.00383  - 1) ; 
Platinum,  2.5  per  cent.  A,=  31.6  (1-0.00124  ■  ()j 
Platinum,  5.1  per  cent.  A,=  18.0  (1—0.00077  ■  (); 
Platinum,  19.7  per  cent.  A,=  6.7  (1-0.00033  •  t). 
Hcrefh>m  it  is  obvious  that  the  temx>erature-coefficient  of  an  alloy 
varies  oontinuonsly  and  in  a  pronouoeed  way  with  its  electrical  cod- 


Fl4. 1.— EleoUical  cvndacUvIt?  uid  tam|ieiBture.GOefflaieDt  of  ulTer-platliiiuii  lOojn. 

ductivity.    This  becomes  all  the  more  strikingly  apparent  when  the 
results  are  represented  graphically. 

^'  '"MftttUieBMn  and  Vogt:  Fogg.  Ann-.^JtU,  p.  19,  IWt 

(608) 
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Similar  resnlte,  bat  less  complete,  aad  therefore  snperflaoDS  here,  we 
ooreelves  obtiuDed  vith  Germaii  Bilver.  But,  to  give  an  instaoce:  tlie 
spfdflc  resistance,  t„  of  the  German  silver  wire  of  C.  Vogel,  Berlin,  was 
found  to  be  (a,  given  in  cm/em*,  microbin), 

9-=16.4  (1+0.00064  •  (), 
whereas  for  that  of  W.  Siemens,  Berlin, 

a,=39.0  (1+0.000.0 -i). 
Now  we  shall  show  elsewhere  that  the  analogy  between  the  electrical 
behavior  of  steel  in  different  states  of  hardness,  aod  that  of  alloys  of 
two  metals  iu  different  proportions  is,  from  certain  points  of  view,  very 
complete.  It  follows,  therefore,  that  a  relation  similar  to  the  one  set 
forth  IB  to  be  anticipated  iu  case  of  steel,  such  that  the  variation  of 
electrioal  resistance  produced  by  tempering  must  be  accomi>anied  by  a 
sunilarly  contanaoos  but  inverse  change  of  the  values  of  the  t«mpera- 
taie-«oefflcient  of  steel.     Our  experiments  fully  corroborate  this. 

Betittatue-teti^eratHre  equation. — Before  proceeding  further,  however, 
ve  may  remark  that  it  woald  be  impossible  iu  oaso  of  steel  to  adhere  to 
the  very  desirable  formala 

«,=«  {l+at+bC), 
throughont..  Consistency,  therefore,  induces  ns  to  assnme  a  linear  re- 
lation in  all  cases.  The  reasons  are  these :  the  relation  between  ro- 
giHtaitoe  and  temperature-coefficient  to  be  investigated  necessarily  and 
primarily  excludes  al!  possibility  of  permanent  change  in  the  material 
itfieli^  When  glass-hard  steel  is  examined,  the  interval  of  temperatnre 
within  which  the  rod  may  be  heated  or  cooled  without  experiencing 
perceptible  annealing  ia  very  limited.  The  same  is  true  of  moderately 
annealed  steel.  We  are  as  yet  ignorant  of  the  effects  of  this  kind 
which  may  possibly  also  be  prodnced  by  cooling  below  zero.  Hence  it 
is  indispensably  necessary  to  vary  the  temperatnre  of  glass-hard  rods 
only  so  mnch  as  ia  just  called  for,  if  the  measurements  are  to  fbrnish 
satisfactorily  reliable  data.  Should  an  annealing  effect  occur,  the  re- 
salts  woald  not  of  course  be  comparable.  "Sow  the  available  interval 
of  temperature  is  fully  large  enongh  for  the  linear  formula.  It  ia  in-, 
snfficleotly  so  in  the  other  case ;  for  in  the  quadratic  formula  it  is  possi- 
ble to  change  the  coefficient  of  C  to  qnite  an  appreciable  extent  without 
prodnving  marked  variation  in  the  values  of  9„  if  ouly  an  appropriate 
and  compensatory  change  be  made  in  tho  coefficient  of  t*,  sinmltaue- 
ously.    Hence  the  simple  formala 

«,=«,  (!+«<) 
lias  been  made  nse  of  throughout,  where  t  was  permitted  to  vary  within 
the  interval  1(K>  to  36°  only. 

Method  of  meatwrement, — The  chaugea  of  temperature,  and  therefore 
alw  those  of  resistance,  being  very  slight,  amouDting  only  to  a  few 
hundredths  ohm,  it  was  necessary  to  make  the  electrical  measurements 
with  extreme  accnraoy.  For  this  purpose  the  method  of  Matthiessen 
aud  Hockin,  which  we  have  repeatedly  used,  proved  tq  be  admirably 
Bull.  14 2  (609) 
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serviceable.  A  few  modifications  had  to  be-  introdaced.  Id  tlie  place 
of  the  two  needles  orjgiaally  employed  for  obtaining  contacts  at  fixed 
distances  apart,  and  which  if  submerged  in  water  would  have  intro- 
duced the  disturbing  effects  of  loose  contact^  two  flue  copper  wires  were 
tightly  wound  around  the  extreme  parta  of  the  steel  rod  under  experi- 
ment, and  fastened  in  a  way  that  made  sliding  impossible.  The  rod 
was  then  alternately  placed  in  two  vessels  containing  cold  and  warm 
water  respectively,  care  being  taken  not.  in  any  way  to  strain  the  cop- 
per circuit  wires.  The  8ho^^circuiting  throngh  distilled  water  from  one 
fine  copper  wire  to  the  other  is  obviously  negligible. 

The  temperature  of  the  cold  bath  was  approximately  that  of  the  room, 
and  very  constant;  that  of  the  warm  bath  varied  during  a  single  meas- 
urement not  more  than  a  few  tenths  of  a  degree.  Temperature  being 
read  before  and  after  the  resistance  measurement,  the  teean  value 
could  be  regarded  as  a  very  satisfactory  datum.  The  steel  rod  exam- 
ined was  placed  first  in  uhe  cold,  then  in  the  wann,and  finally  af^n  in  the 
cold  bath.  The  mean  of  the  measurements  1  and  'i  was  therefore  to  be 
combined  with  2,  4  and  6  with  5,  et«.  The  degree  of  approximate 
equality  of  the  resulte  of  these  distinct  -sets  of  observations,  and  the 
agreement  l>etween  the  measurements  1,  3,  4,  6,  etc.,  give*  good  eeti- 
mate  of  the  accnracy  of  the  work. 

Material.  Eeaistance-valAte  of  oxide-tints. — The  material  used  was  that 
employe<l  in  all  our  researches,  English  "silver"  steel  in  rods  0.15  cm. 
in  diameter.  After  having  been  suddenly  chilled  in  great  numbers, 
certain  of  them  were  annealed  by  the  electrical  current,  in  this  way: 
Having  carefully  polished  the  banl  rod,  it  was  introduced  into  the  cir- 
cuit of  a  dynamo-electric  machine.  As  the  temperature  of  the  wire 
increased  the  oxide-tiuta  appeared  in  a  strikingly  perfect  manner,  and 
it  was  only  necessary  to  regulate  the  cur^nt  cautiously  and  stop  the 
operation  at  a  given  moment  to  obtain  any  oxide-tint  desired  almost 
uniformly  over  the  whole  length  of  the  wire.  The  observations  of  this 
paragraph  therefore  give  in  an  approximate  way  the  temper-value  of 
the  oxide-tint  appeanug  in  air  on  a  bright  hard  steel  rod,  in  terms  of 
electrical  resistance. 

Eesulta. — The  following  table,  1,  contains  a  perspicuous  comparison 
of  the  data  of  observation  as  obtained  with  six  steel  rods  in  difi'erent 
states  of  temper.  For  the  diameter  2  p  (cm)  of  the  rod  and  the  length 
I  (cm)  direct  measurement  showed  the  resistance  to  (ohm)  at  the  tem- 
perature P  ( C).  Also  the  resistance  W  (ohm)  at  HP.  This  is  sufBcient 
for  the  calculation  of  u,  for  (P  and  a,  the  required  coefficient.  The 
known  dimensions  then  enable  us  to  deduce  the  specific  resistance  * 
(cm/cm'  0°),  Finally,  we  give  the  specific  gravity  J  of  the  wires,  calcu- 
lated for  the  known  dimensions  and  the  known  weight.  Our  object  in 
computing  this  constant  was  primarily  that  of  checking  the  values  for 
the  sections  of  our  rods  as  measured  by  the  aid  of  the  microscope.  Bat 
they  furnish  a  satisfactory  corroboration  of  the  general  increase  of  dens* 
(610) 
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ity  of  Bteel  on  passing  from  the  hard  to  the  Boft  Hbitfi,  conformably  with 
the  results  of  C.  Fromme: 

Table  1. — TemperaUir«-cotfieient  of  tttel. 
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If  for  a  we  take  mean  values,  and  compare  these  with  the  degrees  of 
hapdness  of  steel,  characterized  by  g,  we  obtain  more  Clearly: 
TABI.E  3.  —  OM^t-tist,  ipedjtc  electrical  r«>(«/<inc<i  tmd  eleetrioal  iemperaltire-coefftient  of 
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The  eJectrieal  temperature-coefficient  of  steel,  therefore,  decreases  in  pro- 
portioK  as  its  specijic  resistance  or  its  degree  of  hardness  increases,  at  a 
rate  diminishing  as  we  past  from  toft  to  hard  steel. 

The  following  little  table  interpolated  from  the  above  values,  for  prac- 
tiL-al  purposes,  may  be  put  on  record  here: 

Tablc  3.— Specific  elrelrical 
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Digett  of  earlier  resulU: — The  relatioa  between  ereclrical  resisbince 
and  temperatare  iu  case  of  iron  has  been  studied  by  a  large  number  of 
observers,  amoni;  whom  Lene,  Becqnerel,  Amdtsen,  Mouason,  and 
otbers,  are  to  be  mentioned.  But  the  most  comprehensive  and  accarafe 
dataare  nnqueHtionably  those  given  by  Mattbicssen  and  Vogt."  These 
vlll  therefore  be  discuKsed  here. 

Alatthiessen  and  Vogt  assume  the  quadratic  formula 

for  ^,  the  condnetivity  of  any  giveo  metal,  relatively  to  hanl-drawn 
silver  {A,=100).  Their  results  for  a  and  t,  in  case  of  fifteen  samples  of 
iron,  conveniently  abbreviated,  are  contaioed  in  Table  4. 

Tablb  4. — BleotrUal  teaperaliira-coefficietit  and  «Iac(i-iaiI  opiidiictJmly  of  divert  lampletnf 
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For  the  sake  of  fucilitatiug  a  comparison  of  these  results  with  oar 
own,  we  reduced  them,  as  nearly  as  possible,  t«  absolnte  values  of 

s  ""^^  0°  microhm,  by  accepting  for  "Mlver  hard,"  for  which  UaUhtessen 

and  Vogt  put  A=100, 

«= 1.674. 

Moreover,  the  values  have  been  arranged,  commencing  with  pare 
iron,  in  theorderof  the  values  for  resistance,  the  coeQIcieut  of  qoadmtic 
(  being  discarded  and  only  linear  d  introduced.  The  interpretation  to 
be  given  to  "or  interpolated"  will  l»o  explained  presently, 

'I  MnlthicsBcn  and  Vogt:  Fogg.  Aqd.,  CXVTII,  p. 431, 16ti3. 

"Probable  value  fnr  pure  iron,  hard,  deduced  From  the  obBervatinna  vitli  impnro 
metal,  from  au  Inapectioo  of  the  reapeotive  t«mperatiin.coafScioi)ta, 
(612) 
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Remtanee-temperature  equaUont  of  iron  and  of  sUel. — The  Arat  lino  of 
Uieae  data,  shomug  the  mean  value  of  a  number  of  observations  with 
pore  iron,  is  the  moat  reliable.  If  this  be  added  to  our  results  for  steel 
(Table  2),  the  whole  series  of  results  may  be  compared  graphlcnlly,  by 
represeating  specific  resistance,  a,  as  abscissa  temperatore-coefficieut,  a, 
as  ordinate.  The  points  lie  satiBfactorily  on  a  locus  of  definite  charac- 
ter, which  in  ils  torn  may  be  utilized  for  purposes  of  interiMlatiou.  In 
this  way  the  last  column  of  the  foregoing  table  ("a  interpolated"}  has 
been  deduced,  the  temi»erature-coefflcient  for  each  value  of  Bpeciflc  re- 
uataace  for  the  sample  of  iron  cited  being  selected.  The  diRcrepancies 
or  diflerences  between  observed  and  calculated  results  are  not  larger 
than  a  combination  pf  observations  made  on  the  great  variety  of  mate- 
rial by  differeut  observers,  together  with  the  wide  range  of  possible 
errors  incident  to  all,  would  lead  us  to  anticipate.  Even  the  position 
of  soft  steel  with  reference  to  the  curve  is,  in  every  respect,  satiefac- 
tory.  It  is  in  this  way,  Anally,  that  the  practical  -  results  in  Table  3 
were  derived. 

Benoit"  finds  the  following  relationsbetween  resistance  and  tempera- 
ture for  soft  iron  and  soft  Bteel,  respectively: 

•,=0.1272  {1+0.00462  ■  (+0.0000058  •  f), 
and 

»,=0.1149  (1+0.00498  •  (+0.0000074  •  (*). 
lHg=l    m  I  Sm'). 
These  results  referred  to  microhms  and  cm /cm*  are 
«=12.l  «=0.00452 

for  iron,  and 

9=10.9  fr=0.00498 

for  steel.    Both  sets  of  valnes  are  in  goftd  accordance  with  our  graphic 
representation.    We  obtain  by  means  of  this : 

For  «=12.1,  the  value  a=0.00457, 


and 


For  «=10.9,  the  value  «=0.00485. 


"BeuoU:   Comptes  reiiiI.,LXXVI,  p.  343,  1873.    WiedemBDU,  I.  o.,  p.  62&.    The 
■nU  nine  a=10.9  obtained  by  Beooit  for  ioft  steel  ia  remarkable  and  exeepUonal. 
(613) 


.,ogk- 


lEON-CAEBUBBTe. 


CAST-mON. 


AnticipaHve  resulU, — Of  particular  interest  in  oonnectioD  witii  this 
discuaaioa  is  the  behavior  of  the  most  highly  carbarized  of  comiDerciat 
iroD-prodncts,  cast-irou.  Observations  for  pairs  of  the  electrical  magni- 
tndes  under  consideration,  for  this  msteiial,  are  not  in  hand.  Else- 
where we  will  describe  certain  experiments,  made  in  some  number,  with 
reference  to  the  thenno-electric  and  galvanic  properties  of  cast-iron. 
Here  we  need  only  mention,  that  the  specific  resistance  of  this  metal  is 
very  decidedly  larger  than  the  largest  attainable  resalts  for  glass-hard 
steel.  If,  therefore,  a  relation'*  between  electrical  condnctiyity  and 
electrical  temperatare-coefficient  of  the  kind  premised,  actually  esista, 
then  this  latter  quantity  must,  in  like  manner,  be  smaller  tlian  the 
smallest  results  arrived  at  in  case  of  steel. 

To  test  this  inference,  three  samples  were  selected  from  our  supply  of 
cast-iron  rods,  Kos.  13, 14, 15,  each  abont  25  cm.  in  length,  and  their 
resistance  in  the  soft  or  thoroughly  annealed  state  (annealed  at  red  heat 
and  cooled  very  slowly)  determined  at  different  convenient  tempera- 
tures. But  this  resistance,  in  view  of  the  comparatively  large  section 
of  the  said  rods  (abont  0.4  cm^)  being  as  small  as  0.004  ohms,  the 
measurement  had  to  be  made  even  with  greater  precaution  than  was 
necessary  in  the  case  of  steel. 

Method  of  measurement. — ^The  method  of  measurement  was,  however, 
essentially  identical  in  the  two  sets  of  experiments,  heme  Matthiessen 
and  Hocktn's.  The  terminal  wires  of  copper,  wherever  necessary  in- 
sulated by  glass  tabes,  were  wrapped  aronnd  and  soldered  to  the  cast- 
iron  rods ;  these,  together  with  the  insulated  terminals  and  a  good 
thermometer,  introduced  into  a  wide  glass  tube.  Through  the  latter, 
closed  at  both  ends  by  suitably  perforated  corks,  secnring  tubes  of  in- 
Sux  and  efflux,  vapor  at  the  boiling  iwint  of  the  respective  liquids  con- 
tinually circulated.  Methyl  alcohol  vapor,  and  steam  were  especially 
convenient.  The  tube  itself,  thickly  jacketed  with  felt  and  cloth,  showed 
a  desirably  constant  temperature  throughout  the  course  of  the  work. 
All  these  precautions  were  necessary,  for  the  ulterior  reason  of  ezclnd- 
iug  possible  thermo-electric  action  at  the  junctions  of  castiren  and  cop- 
per. Sach  currents  are  otherwise  readily  evoked  in  intensity  sufficient 
utterly  to  vitiate  the  accuracy  of  the  measurements. 

BeauUa. — ^The  following  table  will  show  that  the  experiments  con- 
ducted with  this  care  were  satisfactorily  succeessful.  Here  a  and  b 
denote  the  sides  of  the  approximately  rectangutar  section  of  tJie  cast- 
iron  rods ;  I,  the  effective  length  in  the  resistance  measurements.  From 
an  inspection  of  the  resulting  errors,  the  linear  relation  assumed  to  exist 

"A  detailed  diecoadon  legarding  tbe  electrical  effecta  of  the  atrain  accompanying 
hardnen  and  of  oarbaratjoii,  respectively,  will  be  given  in  Chapter  III. 
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between  resistance  and  temperature  witLin  the  interval  0°— lOOOj  will  be 
foand  to  be  acceptable. 
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\ 
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\ 
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i 

Fio.  2  — Dtagrom  of  tbs  Tebtlm  batween  nporifls  ekctilml 

wrouRbt  itnu,  fur  >tA«1,  uWI  fu.  „m-,^ ...... 

The  results  sbow  that  the  mean  temperature-coefficient  of  cast  iron 
fall»rery  fairly  on  what  may  be  considered  n  prolongation  of  the  locus 
obtained  for  iron  and  steel  (see  figure),  or  that  Ibe  elcctricnl  tempera- 
tare-coeffleients  of  irou -carburets,  in  general,  muy  be  regai-ded  as  a  defi- 
nite function  of  the  respective  specific  resistances: 

Table  6.~Temp«raUre-eotfficient  of  cattiron. 
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DEDUCTIONS. 

Analogota  behavior  o/alhga  and  ofiron-cartmrett. — The  dataooDtained 
in  the  above  tables  tbrow  some  light  on  the  probability  of  an  analogy 
between  alloys  generally  and  iron  carbnrets,  inasoincb  as  tbey  show  a 
certain  similarity  of  t>ehayior  in  both  kinds  of  products.  It  ie  not  im- 
possible that  ve  have  here  In  hand  examples  of  a  general  law;  in 
other  words,  it  may  be  plausibly  argued  that  whenever  the  properties 
of  a  primary  metal  are  altered  by  addition  of  varions  (jnantitiee  of  a 
second  substance  (metallic  or  non-metallic)  alloyed  thereto,  that  then 
the  known  variation  of  electrical  resistance  is  invariably  accompanied 
by  a  corresponding  variation  of  the  electrical  temperature-coefficient — 
in  such  a  way'tbat  an  increment  of  the  former  corresponds  to  a  decre- 
ment of  the  latter  in  accordance  with  some  f^indamental  relation.  In 
the  case  of  ordinary  alloys,  small  quantities  of  a  second  metal  are 
alloyed  to  the  original  material,  producing  the  knowit  electrical  effect. 
In  the  case  of  steel  the  process  of  tempering  is  the  cause  of  a  change 
in  thequality  of  carbnration,sothat  inahighly  tempered  bar  more  ootR- 
biiKd  or  electrically  active  carlion  ia,  as  it  were,  alloyed  to  iron  than  in 
one  of  inferior  temper  or  in  a  soft  rod.  Hence  the  corresponding  elec- 
trical effect.  But  it  is  well  to  waive  this  subject  here  to  discuss  it  more 
satisfactorily  in  another  chapter. 

Temperature-coefficient  and  volume. — We  shall  show  elsewhere"  that  fii>r 
steel  at  least,  and  possibly  lor  all  non-electrolyzed  conductors,  the  spe- 
cific resistance  may,  with  some  fitness,  be  regarded  asavolnme-ftiiaction 
only.  Probably  a  similar  remark  may  also  be  made  with  reference  to 
tbe  teniperature-coeflScicnt  of  steel,  and  it  would  appear  that  with  this 
metal,  the  most  promising  of  tbe  available  means  for  tbe  study  of  tbe 
bearing  of  specific  volume  on  specific  resistance  and  temperatare-co- 
efficient,  is  famished  us.  Clausius'*  was  the  first  to  call  attention  to 
the  approximate  proportionality  of  the  resistance  of  most  pure  metals 
with  their  al)soIate  temperatures.  If  we  accept  Matbiessen's  general 
relation  between  resistance  and  temperature  for  pure  metals: 

g.=«.  (l+o(H-fff),        0=0.003824,         (?=0.000 001 26  ■ 

and  put 

d»,     1 

we  find  that  at  abont  60°  C.  the  said  proimrtionality  is  accurate. 
There  would  be  some  propriety,  therefore,  in  considering  this  state  of 
the  metals  in  question  as  a  normal  state,  and  the  corresponding  specific 

"Chapter  m. 

■•CliMuiDs:  Pogg.  Ann.,  CIV,  p.  6G0,  185S.  Atierbach  (Wied,  Ann.,  VIII,  p.  479, 
1979)  baa  en<leavored  to  explain  this  olrcnmstaace,  and  also  to  interpret  the  excep- 
tional value  encoantered  in  caae  of  iron. 
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rpsietanco  as  tfaeir  normal  resistanoA.  It  may  be  remarked,  in  passing, 
tliat  tbo  temperatnre  to  wbicli  aofl  steel  most  be  cooled  in  order  (theo- 
retically) to  annnl  its  resistanoe  coincides  very  nearly  with  the  sbsolnte 
lero  of  temperature. 


ADDENDCH. 

BTA.TBMKNT    OF   A    BB8I8TANCE   METHOD    FOB    THE    UBASUBBMBNT 
OP  HBAT-OONDUOTIVITT. 

The  anccess  of  the  above  application  of  Mntthiessen  and  Hoctcio's  . 
tneUHkl  for  the  occnrate  measnrement  of  very  small  increments  of  resist- 
ance, has  finggested  to  us  the  availability  of  the  same  method  in  deter- 
mining the'neoessary  data  for  the  calculation  of  beat-condnctivity. 

The  subject  of  heat-condnctivity  has  of  late  been  largely  discnssed, 
especially  in  German  literature.  Id  most  of  the  cases  nev  methods 
have  been  proposed  and  employed.  Onr  object  herewith  is  to  offer  an 
experimental  modification  of  the  well-known  method  due  to  Biot,  but 
flrst  applied  by  Depretz,"  which  we  believe  has  certain  practical  ad- 
vantages. 

'  Depretz  heatsthe  ends  of  a  straight  rod  of  uniform  section  to  different 
constant  tempeistures  T  iMiA.t{T>t).  After  the  stationary  thermal 
oonditioD  has  set  in,  t,,  ^  t„  the  temperature  of  any  three  oonsecntive 
right  sections,  at  the  same  distuice  I  apart,  respectively,  are  related  as 
follows: 

t^ij^e->^^={U+U):U (I) 

where,  moreover,  fi  for  rods  of  the  same  section  and  of  the  same  exter- 
nal oondnetivity  is,  under  the  assumption  of  constant  I,  inversely  pro- 
portional to  the  square  root  of  heat-conductivity.  Suppose,  however, 
that  instead  of  measuring  the  temperatures  at  three  consecutive  eqai- 
diatwit  sectioDS,  we  propose  to  determine  the  resistances  of  three  con- 
Becative  eqnal  lengths  I  of  the  rod,  after  the  thermal  condition  has 
beoome  stationary.    We  have 

5r=^(l+a()  dir, 
where  dr  is  the  elementary  resistance  corresponding  to  the  length  dx, 
at  the  temperature  t,  s  tbe  specific  resistance  of  the  material,  q  its  (uni- 
tann)  section,  a  a  given  constant    In  view  of  the  steady  thermal  flow, 
we  may  write 

dr=^l+a{O*-t-0'e-'«)]  dr. 

If  this  equation  is  integrated  successively  between  tlie  limits  It  and  l\, 
h  and  ttt  h  and  d,  where  I,— I,=l3— I,=I,— ^=1,  we  obtain  three  equa- 

"Deprctz:  Ann.  d.  obim.  XXXVI,  p.  422,  181C7;  Cf.  Langbetg,  Poffg.  Ann.,  LXVI, 
p.  1,  1845;  Wledemiuiii  ftod  Fiaaz,  Vogg.  Aud.,  LXXXIX,  p.  497, 1853. 
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tions  from  which  the  cooBtants  C  and  0'  may  be  eliminated.    The  fol- 
lowing relatioD  results: 


where  r,  is  the  resistance  of  the  length  I,  at  zero.    Eqnation  (2)  might 
have  been  more  elegantly  derived  indirectly  from  eqnation  (1)  above. 


Flo  3  — Dlagnm  of  ■  reaiBlaiKie-apparMai  for  meuarldg  beat  ooadactltlt]-. 

Sappose,  now,  that  in  connection'with  this  resalt  we  nse  nochin  and 
MattUiessen's  device  of  two  corresponding  sliding  contacts  in  the  man- 
ner indicated  in:  the  annexed  diagram.     Let 

l"-l'=k-li=h-k=U-h=l 
Jjet  the  points  m',m",m,....m,on  the  wire  6e  correspond  to  I',  I", 
Zi . . . .  ^4  ill  such  a  way  that,  if  connection  be  matle  between  any  two  of 
them  with  the  prolonged  terminals  of  a  galvanoscope  O,  tlie  needle  of 
the  latter  will  receive  no  additional  impulse  on  momentarily  closing  the 
key  K.    Then  we  may  write 


2n=  — 


:^'--> 


-^1-1 


whence  it  follows  that  Depretz*  method  by  application  of  Hockin  and 
Mattbiessen's  device  may  be  theoretically  reduced  to  a  simple  meanre- 
ment  of  lengths. 

It  is  not  our  object  here  to  go  into  any  practical  details.'*  But  we 
may  remark  that  hurlftil  thermo-cnrrents  may  bo  reduced  to  a  mini- 
mum by  using  a  sliding  contact  at  the  points  I  of  a  material  thermo- 
electrically  similar  to  the  rod  to  be  examined.  Their  effect  wonld  be 
that  of  changing  the  position  of  equilibrium  of  the  needle  of  the  gal- 
vanoscope,  and  they  would  not  seriously  influence  the  impulse  given 
to  it  by  momentarily  closing  K.  Moreover,  the  ends,  L  and  3f,  of  an 
independent,  permanently  closed  bridge-wire  may  be  so  adjusted  as 
to  compensate  the  thermo-electric  disturbance  entirely  (end  L),  and 

"The  compendions  form  of  Wheatstono's  Briilf^e,  invents  bj-  KohlroiiNo]i,  HDKgesU 
Itaelf  tot  tbeae  weoauremente. 
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yet  not  interfere  witb  the  meaBarement  (end  M).    In  this  case  it  is  not 

necessary  to  close  I' U  for  a  short  time  prior  to  closing  K,  bnt  both 

may  be  closed  momentarily,  the  latter  contact  a  little  before  and  a  little 
after  the  particular  one  of  the  former,  vith  reference  to  which  the  ob- 
servation is  made. 

It  is  our  intention  to  endeavor  to  apply  a  procedure  of  this  kind  for 
the  purpose  of  investigating  whether  the  abnormal  diminution  of  elec- 
trical condnctivity  dae  to  tempering  (about  70  per  cent.)  is  accompa- 
nied by  aooneeponding  variation  of  heat-conductivity.  The  plan  wonld 
be  the  same  as  that  detailed  elsewhere." 

••Stnnibal  Md  Banw,  Wied.  Ana.,  XI,  p.  TTC,  inaO;  ibid.,  pp.96.V4,  977.' 
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OHAPTEB    II. 

ON  THE  CONDITIONS  WniCH  IN  THE  CASH  OT  8TEEI.  ESSBNTIAI-LT 
DETBBMINB  THE  EFFICACT  OF  THE  OPERATION  OF  TEMPBBING ; 
THE  MBA8UBEMENT  OF  THE  STATE  OF  HARDNESS  OF  STEEL. 

INTBODDCTOBY   HEMAEKS. 

Origin  of  the  work. — A.t  the  outset  of  the  present  series  of  experi- 
ments it  was  ocr  object  to  subject  the  relation  existing  between  the 
atuoant  of  mngnetizatiou  which  saturated  steel  rods  can  permanently 
retain,  and  their  veohaDical  condition,  particularly  their  state  of  hard- 
ness, to  a  new  and  rigid  investigation.  We  were  led  to  this  nndertab- 
ing  by  the  results  shown  in  a  paper  by  Banis,?"  in  which  it  appears 
that  the  electrical  properties  of  steel — its  thermo-electric  power  and 
specific  resistance  primarily — funrfsh  a  datum  of  singular  sensitiveness 
for  the  hardness  of  this  material.  It  therefore  lay  within  onr  scope 
and  purpose  to  invent  a  method  for  obtaining  as  many  well-defined  de- 
grees of  hardness  between  the  glass  hard  or  suddenly  chilled  state  on 
the  one  hand,  and  the  soft  or  thoronghly  annealed  state  on  the  pther, 
as  would  be  practicable. 

During  the  progress  of  tbfe  work,  however,  the  phenomena  attending 
the  operation  of  tempering,  as  exhibited  by  the  thermo-electric  power 
and  the  specific  resistances  of  the  different  stages  of  hardness  of  steel, 
began  more  and  more  to  engross  us,  and  eventually  .became  of  snffi<»ent 
importauce  to  occupy  onr  attention  wholly.  Thus  it  was  that  a  special 
research,  though  partaking  of  the  nature  of  a  digression  and  calling  for 
a  larger  expenditure  of  time  than  had  been  allotted  to  (hie  part  of  the 
projected  series  of  experiments,  became  almost  necessaiy.  The  data  in 
hand  throw  new  light  on  the  conditions  determining  the  temper  of  steel, 
and  indeed  enable  ns  to  discoss  the  whole  snbject  perspicuously  and 
from  a  general  standpoint.  These  remarks  will  suffice  to  account  for 
the  origin,  purpose,  aud  disposition  of  the  parts  of  the  present  chapter. 

Material  used. — Tbe  steel  used  in  this  work  was  of  the  kind  known  as 
"English  silver-steel."*'  It  came  to  onr  hands  in  the  shape  of  rods, 
abont  30  cm.  long,  varying  in  diameter  between  0.03  cm.  and  0.01  cm., 
drawn  accurately  cylindrical  for  the  nse  of  watchmakers.  The  rods 
wero  nominally  identical  in  composition,  and  obt^ned  from  Oooks' 
Brothers,  of  Sheffield  and  Manchester.    lu  view  of  the  great  complexity 

»Bftni8,Pliil.Uag.  (5),  VIII,  pp.  341-68, 1879;  Wied.  Ann.,  TU,  p.  338,  1879.    Cf. 
Appendix  to  tbia  Bulletin,  p.  303. 
"  See  Ch&pter  VII, 
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and  vagueness  associated  with  the  tena  steel,  it  appeared  necessary  to 
confine  the  operatious  to  tlie  given  type  of  this  material — aa  excep- 
tionally favorable  type,  moreover,  when  considered  with  reference  to 
the  enormons  interval  of  hardness  comprehended  between  its  glass- hard 
and  soft  states.  Chemical  analysis  of  this  individnal  member  of  the 
infinite  family  of  possible  steels  woald  have  been  more  than  useless,  as 
will  clearly  appear  from  a  perusal  of  the  preseut  series  of  pai>er8  as  a 
whole.  As  a  rule  we  draw  our  inferences  ftom  rods  broken  from  a  sin- 
gle longitudinally  homogeneous  sample  only.  The  purely  physieal 
relation  sought  is  tiios  investigated  nnaffected  by  secondary  phenoiaena 
or  distortions,  while  the  material,  as  it  were,  is  represented  by  a  series 
of  temporarily  constant  parameters.  In  the  present  chapter  this 
method  of  research  is  suggested  naturally  by  the  experiments  them- 
selves, and  satis&ctory  material  is  easily  obtained.  But  in  the  later 
chapters  on  magnetism,  where  the  necessity  of  usiqg  chemically  and 
stmotumlly  identical  rods  is  much  more  urgent,  these  essential  condi- 
tions are  often  secured  only  with  difficulty. 


APPABATU8  FOB  IMPARTING   GLAS8-HABDNE88   TO  STEEL. 

Id  view  of  the  great  namber  of  steel  wires  to  be  tempered,  the  ood- 
stnictiou  of  an  apparatus  by  the  aid  of  which  the  operation  of  sudden 
cooling  eould  be  expeditiously  and  conveniently  carried  out,  and  which 
would  impart  to  the  wires  a  uniformity  of  hardness  throughout  their 
length,  was  an  essential  requisite.  The  following  machine  answered 
Iho  purpose  satisfactorily : 


Flo.  4 — Appantiu  tor  hardenin);  alocl  rods. 

(621) 
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In  figttre  4,  A  is  n  hollow  cylinder  9  cm.  long,  of  dense  (box)  wood,  pro- 
vided with  a  circalar  groove  and  slot  so  aa  to  admit  of  its  being  secarely 
fasteoed  by  a  sort  of  bayonet-joint  to  a  substantial  tripod,  or  agfuu  re- 
moved, coQveuieD  tly.  luto  the  lower  and  wider  part  (3.0  cm.  in  diameter) 
of  the  apertnre  a  closely-fitting  foncet  commauicating  with  the  water- 
mnins  by  means  of  a  liose,  is  inserted;  into  the  upper  opening  of  the  same 
(1.5  cm.  in  diameter)  there  is  fitted  a  glass  tube  of  thin  material  and  about 
30  cim.  long.  This  serves  primarily  as  a  protecting  envelope  for  the  steel 
wire  stretched  iu  its  axis.  Besides  this  gradually  tapering  canal,  the 
box-wood  cylinder  is  provided  with  a  secoud  {>erforation  at  right  angles 
to  the  axis  of  the  latter,  in  which  a  thick  steel  rod  B  (0.6  cm.  in  diameter) 
fits  suugly. 

The  wire  to  be  hardened  is  drawn  tensely  between  two  clamp-scr^ws, 
in  connection  with  the  terminals  of  a  powwfal  battery,  in  the  following 
way :  The  lower  clam  p^crew  possesses  a  longitudinal  and  a  cross  perfora- 
tion. One  end  of  the  wire  is  fastened  in  the  first  of  these  holes  hy  a 
lateral  screw  and  then  introduced  into  the  wooden  cylinder  and  attached 
glass  tube,  A,  from  below,  whereupon  the  steel  rod  B^  jiassed  through 
the  cross  perforations  in  both  cylinder  and  clamp-Bcrew,  and  fastened 
by  the  vertical  screw  of  the  latter,  pats  the  lower  end  of  the  wire  in  con- 
nection with  one  pole  of  the  battery.  As  B  may  be  rotated  around  its 
own  axis  and  at  the  same  time  moved  laterally,  the  wire  may  be  satds- 
factorily  centered.  A,  thus  adjusted,  is  now  attached  to  the  tripod  as 
above  described,  the  faucet  forced  tightly  in  from  below,  and  the  upper 
end  of  the  steel  wire,  which  projects  slightly  out  of  the  glass  tube, 
grasped  by  a  secoud  clamp  screw.  The  latter  forms  a  part  of  a  peculiar 
spring  O,  in  shape  of  a  rhombus  of  very  large  horizontal  but  very  short 
vertical  diagonal.  In  this  way  a  gentle  tension,  not  so  strong  as  to  rup- 
ture the  wire  wheu  red  hot  is  constantly  maintained,  while  the  puts  of 
the  spriug  are  thick  enough  to  allow  the  passage  of  an  intense  galvanic 
current  without  becoming  perceptibly  heated.  We  have  found  that  a 
wire  Rynuuetrically  chilled  and  held  tense  in  thio  way  remains  straight 
after  the  glass-bard  temper  has  been  imparted  to  it — an  important  desid- 
eratum. In  onler  to  centrally  a<^ust  the  upper  end  of  the  wire,  or  to 
regulate  the  tension  of  the  siiring,  the  latter  may  be  moved  around  and 
along  a  horizontal  arm,  which  in  its  turn  is  similarly  adjustable  aronbd 
a  vertical  post  screwed  to  the  tripod.  To  0  and  S  the  terminals  of  a 
powerful  battery  are  suitably  attached. 

A  current  of  dry  carbonic  acid  gas  continually  circulating  through  the 
tube  practically  obviates  the  annoyance  of  oxidation  during  the  heating 
to  redness.  To  introduce  this  gas,  the  faucet  is  doubly  perforated  in 
the  way  devised  by  Senguerd.  The  larger  of  the  canals  is  intended  for 
the  influx  of  water,  the  smaller  for  carbonic  acid,  and  they  are  so  dis- 
posed relatively  to  each  other  that  if  the  one  is  open  the  other  is  neces- 
sarily closed.  To  manipulate  the  apparatus  satisfactorily  a  considerable 
head  of  water  is  desirable.    But  even  when  these  facilities  are  available, 
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the  water,  on  opening  the  fauoet,  is  apt  to  ent«r  tbo  tube  with  a  sqnirt, 
cbilliiig  some  parts  of  the  wire  before  tbe  main  colama  advaoces,  and 
iu  tbia  way  vitiating  tbe  otherwise  attainable  aniformity  of  glass-hard- 
ness. For  this  reason  a  second  fancet  (not  shown  in  the  figure)  belong- 
ing to  the  hydrant  was  put  into  use.  We  operated  in  this  way :  Tbe 
former  foncet  was  first  opened,  producing  no  other  effect  than  tfae'inter- 
niption  of  the  cnrrent  of  carbonic  acid.  Then  one  of  us  rapidly  opened 
the  second  faucet,  while  the  other,  in  due  time,  broke  tbe  galvanic  cir- 
cuit. As  the  glass  tube  was  of  comparatively  small  diameter,  the  water 
mshed  into  its  interior,  ascending  as  an  unbroken  colninu  with  great 
velocity  and  imparting  to  tbe  wire  the  glass-hardness  desired.  Accord- 
iug  to  Jarolimek"  this  rapidity  of  current  is  of  paramoQut  importance 
when  tbe  attainment  of  extreme  degrees  of  hardness  is  tbe  desideratum. 
In  the  case  of  quiet  water  a  non-conducting  envelope  of  steam  is  apt  to 
inclose  the  wire,  protecting  it  against  instantaneous  chilling.  Such  a 
layer  wonld  effectually  be  torn  away  by  a  very  swift  current,  and  cold 
water  and  wire  remain  iu  more  intimate  contact.  We  regarded  tbe 
hypothesis,  which  Jarolimek  believes  to  have  verified  by  experiment, 
as  plausible. 

Glass  tubes  of  thin  walls  were  chosen,  and  breakage  was  therefore  a 
rare  occurrenoe.  Of  course  we  did  not  keep  the  wire  iu  the  red-hot 
state  longer  than  appeared  absolutely  necessary. 

The  operation  of  disadjusting  and  drying  the  parts  of  the  apparatus 
after  each  chilling  proved  to  be  a  tedious  annoyance.  Nevertheless  tbe 
efficiency  of  tbe  apparatus  may  be  said  to  have  been  demonstrated  by 
the  fact  that  after  a  little  experience  we  were  able  to  temper  SO  to  60 
wires  daring  an  interval  of  five  hours.  Of  tbe  total  number  of  hard 
wires  obtAine^l  (some  ISO],  those  were  selected  for  the  measurements 
which  had  been  operated  uiwn  during  our  later  ^nd  more  exi>ert  maoip- 
nlation.  The  ends  were  broken  oCf  Und  discarded,  and  only  as  much  of 
the  central  part  of  each  wire  used  as  would  warrant  tbe  iissumption  of 
aniformity  of  hardness  throughout  the  lengths  employed.  Tbe  degree 
of  homogeneity,  moreover,  admits  of  being  specially  tested,  as  will  be 
explained  below. 

The  battery  used  consisted  of  20-30  large  Buusen  cells,  connect«d  in 
series  or  in  multiple  arc  in  a  way  to  correspond  with  the  external  resist- 
ance. In  the  latter  case  it  is  necessary  to  keep  tbe  partial  circuits  as 
nearly  as  possible  alike.  Otherwise  a  reverse  cnrrent  is  apt  to  traverse 
one  of  them,  gradually  disintegrating  tlie  carbons. 


UEASUBEMENT   OF   THERUO-ELEOTRIC   POWEB. 

HennodctMnt, — Tbe  tberino-electrio  power  of  oar  wires  was  deduced 
from  measurements  of  electromotive  force  and  temperature,  obtained  by 

'  "jBTOlimek:  Diogler's  Jour.,  CCXXI,  pp.  «6,  518,  1876, 
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combioing  them  thermo-electrtcally  with  the  same  given  normal  wire. 
Chemically  pure  silver,  deposited  galranoplaaticBlly,  fused,  drawn,  and 
Boftened,  appeared  to  be  the  most  desirable  metal-of-referenoe  for  this 
purpose.  Two  samples  of  this  were  selected  and  compared.  From  rea- 
sons of  a  practical  character,  however,  we  foand  it  expedient  not  to  nse 
these  normals  in  the  actual  work.  In  the  tDeasnrements,  a  copper  wire 
of  a  given  kind,  which  had  frequently  and  very  carefully  been  compared 
with  the  silver,  was  sabstitated  for  it,  and  the  thermo-electric  powers 
steel-copper  subsequently  reduced  to  steel-silver,  by  caloulatioD. 

After  testing  many  modifications,  we  adhered  to  the  very  etSoient 
form  of  thermo-electrio  apparatus  diagrammatioally  represented  in  flg- 
are  6,    Si  and  St  are  two  doubly  tubulated  spherical  receivers,  of  the 
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capacity  1  liter  approximately.  These  were  moauted  on  good  non-con- 
ductors in  such  a  way  as  to  place  the  axes  of  the  tnbulures  A  and  B  in 
horizoutal,  the  other  two  in  vertical  position.  The  former  were  pro- 
vided with  well-fitting  corks,  centrally  perforated,  so  as  to  admit  the 
glass  tube  cd  (diam.  t  cm.)  snugly.  In  this  way  the  two  receivers  were 
held  firmly  together,  and  at  distances  apart  adjustable  at  pleasure,  thus 
adapting  the  arrangement  for  examination  of  a  long  or  a  short  wire. 
Two  small  snitahly- perforated  corks,  fitting  the  ends  of  the  tube  cd, 
gave  to  the  wire  an  axial  position  within  it.  In  this  way  the  steel  rods, 
exceedingly  brittle  and  iVail  when  in  the  state  of  glass-hardness,  were 
adequately  protected.  Mention  is  still  to  he  made  of  the  terminals  h 
and  fc  of  the  apparatus.  These  were  specially-selected  samples  of  cov- 
ered copper  wire,  as  stated  above.  They  passed  through  the  large  corks 
at.d  and£ — in  which  they  were  cemented  once  fur  all — to  the  junctions 
at  the  center  of  the  respective  receivers.  When  a  new  lod  was  to  be 
introduced,  this  was  thrust  through  the  tube  cd,  and  the  latter  duly 
closed  with  the  small  corks,  in  the  perforations  of  which  the  rod  fitted 
tightly.  Then  the  free  ends  of  the  terminals  were  connected  with  the 
respective  ends  of  the  steel  rod,  either  by  flat  brass  clamp-scrows,  or, 
where  the  temper  iiermitted  it,  by  soldering.  The  tube  carrj-ing  the 
large  corks  was  now  in  complete  a<!yustmeiit,  and  it  was  only  necessary 
to  insert  these  in  the  tnbalnres  A  and  B  of  the  receivers.  One  of  the 
latter  was  then  filled  with  water  of  the  temperature  of  the  room,  the 
other  with  hot  water.  A  woolen  jacketing  appropriately  surrounding 
the  hot  receiver  reduced  the  loss  of  heat  by  radiation  to  a  tninivam. 
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By  the  aid  of  two  carefully  calibrated  thermometers,  with  their  bulbs 
at  the  centera  of  the  respective  receivers,  the  temperature  of  these  was 
read  off.  A  small  hole  was  drilled  at  n  in  the  tube  cd  to  allow  for  the 
expaDsioQ  of  the  air  heated  by  proximity  to  the  hot  water. 

Method  of  meaattrement. — :For  the  measurement  of  the  thermo-elec- 
tromotiTe  force  (expressed  throughout  iu  volts)  a  zero  method  was 
adopted.    If  J?  (figure  6)  be  the  compeusatiDg  (one  Daaiell),  e  the  com- 


L— XHsposltlon  at  thai 
gleetrlc  appintua. 


Fio.  T.— AppHUu  /or  g*lnai- 


pensated  element  (the  tbermo-coople),  W  the  resistance  of  A£B,  w 
that  of  AMB,  we  shall  have,  wheu  the  cnrreut  in  A«B  ooDtaining  the 
^vanometer  is  zero, 

«        w 

Id  onr-expeiimeDts,  in  the  moat  unfavorable  cases, 

w         5 

and  henoe,  with  sufBoient  accuracy  for  the  present  purpose  we  may  put 
«      w 

Both  wand  Wwerefhmlshed  by  Siemens' rheostats.  The  resistances 
of  the  connecting  wires  and  of  the  Daaiell  are  negligible.  W  could  be 
increased  to  30,oiX)  ohms,  w  diminished  as  far  as  O.l  ohm. 

Id  order  to  eliminate  such  discrepancies  as  would  arise  from  varia- 
tions of  the  Daniell,  the  electromotive  force  of  this  element  was  meas- 
ared  before  and  after  each  observation.  It  is  known  that  this  sonrce  of 
error  is  by  do  means  negligible,  and  that  it  depends  on  the  way  in 
which  the  Daniell  has  been  put  together,  and  on  the  time  of  use.  For 
the  purpose  in  question,  the  terminals  of  a  Wiedemann's  galvanometer 
of  known  factor  A  could  be  introduced  into  the  circait  BAMB  with  the 
aid  of  an  appropriate  key.  If  therefore  the  line  A8B  is  broken,  the 
resistance  u>  excluded,  we  shall  have  a  simple  circuit  EAMB  such  that 
if  n  be  the  deflection  at  the  galvanometer 
E=AWn. 
Usually  W=20,000  ohms  was  chosen,  as  it  was  through  this  resistance, 
approzima1»ly,  that  the  Daniell  acted  during  the  measurements  with  the 
zero  method. 

To  determine  the  factor  A  of  the  galvanometer  we  made  use  of  a 
tangent-compasB  of  known  factor,  C.    This  we  calculated  both  trnta  the 
dimensions  of  the  coils  and  from  voltametric  observations.    Figure  7 
Bull.  14 3  (625) 
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gives  tbe  disposition  of  apparatus  diagramniatically,  whereia  E  is  the 
Daniell.  T  the  taageat-compafis,  0  the  mirror-galvanometer.  Tjet  ir  be 
tbe  resistance,  t  the  intensity  of  current  in  the  shunt  A  M  B,  W  the  re- 
sistance, and  I  the  onrrent  in  A  G'  J3;  then 

vbenoe 

/  _     w_ 
I+i~  W-ftc' 
But  by  measaremeDt  with  the  tangent  compass  we  get 

and  with  the  galvanometer,  simnlftiueonsly,  I=An,  whence 

By  a  proper  choice  of  wand  W,  practically  convenient  deflections,  both 
at  tbe  tangent  compass  and  at  tbe  galvanometer,  are  obtainable.  The 
determination  ot  A  was'freqnently  repeated. 

Eismtiai  detaiU.~-The  actual  arraugemeDt  of  apparatus  as  given  in 
figure  8  diflfers  ftom  tbe  diagram  (figure  6)  described  above,  only  iu  that 
serviceably-disposed  commutators  and  keys  have  been  introduced  into 
the  partial  circuits. 


TlO.  S.— Detail*  of  thenucMlKtric  mppantna. 


The  oommatator  i,  inserted  immediately  after  tbe  Danielt,  is  used, 
in  the  first  place,  in  determining  the  value  of  the  electromotive  force  of 
this  element  from  the  double  deflection  of  the  mirror  of  the  galvanometer 
O  pat  in  circnit  by  the  key  II.  In  the  second  place,  when  manipulated 
in  connection  with  another  commutator.  III,  which  changes  the  direc- 
tion of  current  of  the  thermo-element,  it  adds  very  materially  to  the 
attainable  accuracy  by  enabling  tbe  observer  practically  to  eliminate 
the  discrepancies  due  to  extraneous  thermo-currents.  These  result 
from  an  irregular  distribution  of  temperature  in  the  connections.  We 
actually  measure  not 

e     w  e+s      tr 

where  e  and  «'  are  the  disturbing  electromotive  forces  in  question. 
TSov  t',  which  has  its  seat  iu  tbe  branch  EAMB^  is  always  negligible  in 
comparison  with  E.  A  similar  assumption,  however,  by  no  means 
applies  to  s—i.  e.,  to  the  electromotive,  force  which  originates  iu  the 
(626) 
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branch  A8B.    TbiB  quantity,  as  our  experiments  bave  sbown,  very  &e- 
qneDtly  readies  values  amonntiug  to  a  considerable  part  of  e — indeed, 
wben  e  is  small,  f  is  directly  comparable  witb  it. 
We  therefore  have 

e+e    « 

If  both  e  and  e  retained  the  same  value  beiore  and  alter  an  observation 
there  would  result:  Before  commntatioo, 

e+e     w 

after  commutation, 

e—e    tt' 

whence 


9     l/'w      tP^\ 


Now,  although  both  e  and  e  do  vary  during  tbe  interval  of  an  observa- 
tion, the  amount  is  small  and  tbe  (diange  of  the  former  so  nearly  linear 
witli  tbe  temperature  T  of  the  warm  receiver,  that  tbe  mean  of  tbe  elec- 
tromotive forces  e  may  be  regarded  as  coincident  with  tbe  mean  of  tbe 
temperatures  T.  If  the  observations  alter  oommatati<Hi  are  rapidly 
made,  which  can  easily  be  done  becaoae  the  approximate  values  of  W 
and  to  are  known  from  the  first  measnrements,  we  may  suppose  c  to  have 
remained  constant.*^  A  mean  of  tbe  two  determinations  therefore  will 
very  uearly  eliminate  e. 

Finally,  reference  is  still  to  be  made  to  the  form  ofWeber's  commntator 
IV,  which  serves  the  purpose  of  a  key  of  special  kiiid.  Tbe  small  mer- 
cury caps  Are  so  filled  that  tbe  thermo-cnrrent  is  not  closed  until  a  mo- 
ment after  tbe  partial  current  from  the  Dnniell.  Wben  v>  and  W  are 
properly  chosen,  therefore,  the  needle  of  the  galvanometer  8  remains  at 
rest.  An  exceedingly  sensitive  form  of  apparatas  witb  an  astatic  needle, 
devised  by  Magnns  and  constructed  by  Sanerwald,  was  nsed  here. 

"While  one  observer  made  the  adjustments  w  and  W,  the  other  read 
off  tbe  temperatures  of  the  thermometers  in  the  receivers  at  given  sig- 
nals. 

CaUiulation  o/eonatantt. — If  t  and  T  be  the  temperatures  of  the  thermo. 
electric  junctions,  e  the  corresponding  electromotive  force,  we  shall  hare 
generally** 

€=a(T-t]+h{T*-P) (1) 

Putting  T—t=w,  T+t=u,  c=y, 

y=ax+bx« (2) 

Inasmacb  as  tbe  nnmber  of  observations  was  always  greater  than  two, 

"ByconimalatingBgaiii  we  frequently  convinced  onrselTes  that  this  supposition  was 
qnit«  permissible.  The  Tataee  otaiued  for  the  flnt  and  third  positions  of  tbe  conimii- 
tators  were  so  nearly  identioal  that  we  conid  saCisfaotoril;  accept  them  a«  such. 

« ATenarina :  Pogg.  Ann.,  CXIX, p.  400, 1863;  ibid., CXLIX,  p. 374, 1873;  Tait^  TranH. 
H.  Soc.  Edinb.,  XXVII,  1873-'73,  p.  t'25.    Id  this  meiooir  the  above  equation  is  ac- 
e»pted  merely  as  an  empirical  relation.    Tait  baa  dlBODMed  it  tbeoretioaUy. 
(627) 
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the  constants  a  and  b  were  calculated  by  the  method  of  least  aqoares, 
on  the  basis  of  an  equation  of  the  form 

We  were  led  to  choose  this  form  not  merely  because  the  oolcDla- 
tions  are  thus  essentially  simplified,  bat  principally  because  the  form 
(2)  gives  to  the  Talnes  of  «,  corresponding  to  great  valnes  of  T—l, 
an  amount  of  prefereace  which  appears  to  ns  wholly  Dawarranted: 
for  although  e  is  much  more  accurately  measurable  in  the  case  of  large 
values  of  T—t,  the  observed  value  of  T  will  differ  the  more  appreciably 
from  the  tme  temperature  of  the  hot  janction  of  the  thermo-elemeDt,  in 
proportion  as  T  is  greater  than  the  temperature  of  the  room  in  which 
the  observations  are  mado. 

By  aid  of  the  well-known  formulse  developed  by  the  method  of  least 
aquares,  a,  and  b„  of  the  thermo-couple  copper-silver,  were  calculated 
from  a  large  number  of  special  observations. 

By  the  same  method,  moreover,  we  derived  the  constants^  a',  fr',  for 
the  elements  steel-copper.  To  reduce  fh>m  these  the  valnea  a,  6,  which 
hold  for  the  conplea  ateel-silver,  we  made  use  of  a  set  of  tables  calculated 
thus :  If  e,  e',  e„  correspond  to  a,  a',  a^  we  have 

where  e'  is  dependent  on  the  arguments  T  and  t.  ^ow  e,  can  be  thus 
expressed: 

e,=(a,T+  b,T*)  -  (a.(-f  &,(*) ; 

that  is,  as  a  difference  between  identical  functions  of  the  same  argu- 
ments T  and  t.    A  table  for  , 
ajx+bj^ 

is  therefore  calculated  once  for  all,  from  which  for  every  combination  of 
T  and  t  the  quantity  e^  and  therefore  e,  ifr  easily  obtained.  After  all 
the  observations,  e,  had  been  referred  to  silver,  the  constants  a  and  b 
were  deduced  by  the  thermo-electric  formulee  above  given. 


HEASUBBBIBHT  OP  BLECTBIOAL  COTfDUCTITITT. 

Method  calculation. — For  the  measurement  of  resistances  we  employed 
Kirchhoff's  form  of  Wheatstone's  bridge.  The  resistances  to  and  d  to 
be  compared  could  be  exchanged  by  the  aid  of  a  mercury  commutator. 
Heavy  copper  plates,  the  resistance  a  and  e  of  which  was  such  as  to 
introduce^  a  very  small  correction  only,  connected  the  latter  with  an 
interposed  commntator  and  Anally  with  the  end  points  of  the  bridge. 
The  current  was  advantageously  furnished  by  Weber's  magnetic  in- 
dactor.  Sauerwald's  sensitive  apparatus,  already  referred  to,  was  used 
as  a  galvanoscope. 
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The  followiog  is  the  method  of  oalcnlatioo  adopted: 

First  position  of  commutator,  yj ^"T""' ' 

Becond  poBitioo  of  commatator,  ^-"t  =-'=n,: 
6+ a    fli 
whence 

tc=ni(S+niff— «,  v)=nt^+ttta—S, 

and  therefore,  if  i{«i+»t)=n> 

»-.,!+(.-l)2+«_!!r'!.-',     _ 
In  the  case  of  our  bridge,  at  f=l(P 

-+-=0-00194,  5-'^=_O00O16. 

Kow,  in  80  far  as  n,  and  n^  are  always  uearly  identical,  a  safflcient  ap- 
prozimatiOQ  for  tc  Is  famished  by  the  fonnnla 

v>=nS+(n-l)^+?. (1) 

la  this  tray  the  calcalationa  were  greatly  simplified,  since  n  conld 
be  immediately  obtained  from  Jbach's*'  tables.    A  small  table  of  oar 

own  contained  the  respective  values  of  the  term  (n— 1)  ^t-. 

In  a  part  of  the  measurements  we  obtained  excellent  results  with 
the  beantifal  method  dae  to  Hockin  and  Matthiessen. 

From  this  value  of  tc,  the  length  and  the  diameter  2p — the  latter  di- 
mension being  determined  microscopically — the  specific  resistance  of 
the  given  wire  at  the  temperature  t  followed  at  once. 

The  normal  resiBtance  S  was  given  by  a  specially  constracted  4talon 
of  heavy  Qerman  silver  wire,  soldered  to  stout  terminals  of  copper 
properly  amalgamated.  We  were  in  posstssion  of  six  of  these,  such 
that  by  suitable  combinatioaa,  either  in  series  or  in  multiple  arc,  re- 
Bistances  as  high  as  0*6  ohms  and  as  low  as  -^  ohm  were  available.  We 
were  thus  able  to  keep  the  sliding  oontaot  near  the  middle  of  the  bridge 
wire,  and  the  value  of  the  factor  (n— 1)  in  equation  (1)  was  therefore  in- 
variably  small. 

Setittaneea  at  points  of  contact.~Iu  view  of  the  very  small  resistances 
{OJi  to  0.05  ohms)  to  be  measured,  great  care  had  to  be  taken  to  reduce 
the  resistances  at  the  places  where  the  steel  wires  were  inserted  to  a 
miaimnm.  To  obtain  an  estimate  as  to  the  valne  of  the  discrepancies 
prodnced  in  this  way  we  made  a  determination  of  the  resistance  of  a 
soft  steel  wire  for  three  different  methods  of  insertion,  la  the  first  of 
these  the  wires  were  firmly  held  between  fiat  clamp-sorews;  in  the  sec- 
ond, the  ends  of  the  wires  were  covered  galvanoplastically  with  a  thin 
even  coat  of  copper,  which  was  then  amalgamated;  finally,  the  contact 
was  obtained  by  actually  eolderiag  the  steel  wires  to  pieces  of  heavy 

**E.  Ob»cb:  HUlfttafeln  nir  Mes8un);en  elektrischer  LeitDDgswidersISjide  mittelst 
der  Kircboff-Wheatstone'schen  DrobtcombinatioD,  1879.  , 
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copper  wiie.  Oiil;  the  last  of  theae  methods  of  insertion  vas  found  to  be 
,  thoroughiy  satisfactory  under  all  circumstances.  In  the  first  the  error 
was  qaite  large,  while  the  second  proved  to  be  nnsafe;  for  the  amalga- 
uated  copper  coat  was  apt  to  become  insufficiently  adhesive.  In  the 
case  of  glasa-hard  wire  expeditions  soldering  is  essential,  otherwise  the 
ends  are  annealed  to  an  extent  that  will  seriously  affect  the  results. 
We  avoided  this  at  least  partially  by  cooling  the  wire,  immediately  after 
the  soldering  had  been  effected,  by  a  Jet  of  water  from  a  smalt  wash- 
bottle.  With  a  little  practice  the  whole  operation  is  finished  in  a  few 
seconds.  It  is  to  be  noted  that  if  an  error  had  been  introduced  in  this 
way  its  effect  would  only  have  been  that  of  giving  further  emphasis  to 
the  abnormally  large  results  discussed  in  the  sequel,  since  the  values 
for  specific  resistance  as  thus  actually  found  can  only  be  short  of  the 
true  values.  Id  the  later  experiments  all  these  inconveniences  were 
avoided  by  the  use  of  Hockin  and  Matthiessen's  method. 

Criterion  for  homogeneity. — The  method  just  mentioned  is  peculiarly 
adapted  for  the  determiuation  of  the  degrees  of  uniformity  of  hardness 
along  a  given  length  of  wire,  because  it  enables  the  observer  to  com- 
pare the  resistances  of  different  parts  of  the  said  length  with  facility. 
The  process  as  actually  employed  will  be  discussed  in  another  chapter. 

The  method  vsed  for  calibrating  the  essential  wire  of  the  bridge  has 
been  described  elsewhere.    {See  appendix  to  this  chapter,  p.  72.) 


-THE    OPERATION   OF   SUDDEN   COOLING.       GLASS-HAKDNE8S. 

Effect  of  chemical  composition. — The  steel  nxls  tempered  to  glass-hard- 
ness in  the  manner  described  were  found,  on  examination,  to  be  ther- 
moelectricaily  negative  relatively  to  silver. 

In  so  far  as  the  same  process  had  been  applied  to  rods  nominally  of 
like  composition,  it  appeared  plausibly  presumable  that  the  degrees  of 
hardness  attained  would  be  nearly  identical;  in  other  words,  that  the 
tempering  would  have  furnished  us  with  a  set  of  glass-hard  rods  of 
nearly  the  same  thermoelectric  power.  This  was  not  the  case.  A 
graphic  representation  of  the  relation  between  thermo-electromotive 
force  and  temperature  showed  this  remarkable  result,  that  the  wires 
tempered  were  readily  referable  to  a  few  distinct  groups;  for  the  posi- 
tion of  the  difierent  thermo-electric  curves  was  such  as  to  permit  them 
all  to  be  comprehended  by  a  few  narrow  and  well-defined  sectors.  This 
implies  that  though  the  maximum  of  attainable  hardness  is  different 
in  the  different  wires,  particular  groups  possessing  nearly  ideudca! 
properties  are  readily  discernible.  We  were  unable  to  discover  any 
relation  between  the  individual  members  of  the  said  groups  and  the 


«Cf.  preface,  p.  6. 
(630) 
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reepective  Oiumeters  of  the  wirea.  Nor  did  tbe  wires  liardened  od  any 
particalar  day  sbow  like  thermo-electrio  qualities.  It  is  conceivable, 
for  iD^tODce,  where  correuts  of  different  inteosity  are  employed,  that 
the  resaltiog  difference  in  the  degrees  of  red  heat  imparted  to  the  wires 
would  find  its  expression  in  a  correspondingly  marked  difference  in  the 
dein^es  of  hardness.  The  true  oanse  of  the  difference  of  character  ob- 
served most  therefore  be  ascribed  to  chemical  composition.  In  other 
words,  the  groups  are  distingalsbable  one  from  another  by  the  respect- 
ive amoants  of  carbon  contained  iu  tbe  wires.  The  rods  were  not  all 
receired  at  the  same  time.  Without  doubt  the  maximum  of  hardness 
attainable  by  sudden  chilling  is  essentially  conditioned  by  the  degree 
of  carbnration  of  the  steel  rod,  and  to  a  very  small  degree  only  by  the 
impurities  present.  In  a  general  way  we  may  state  that  the  mazimam 
in  qnestioD  is  a  characteristic  datum  for  the  type  of  steel  under  experi- 
ment. In  Chapter  YTI  of  tbe  present  memoir  we  shall  have  occasion 
to  discuBS  this  subject  in  detail. 

Afdunmum  hardness  reached. — The  greatest  hardness  met  with  in  this 
work  was  that  possessed  by  two  rods  of  the  diameters  0.056  cm.  and  . 
0.073  cm.,  respectively.  The  tbenno-eleotric  constant  a  here  reached 
tbe  exceptionally  small  value  a=  —  2-60  (microvolts],  and  the  specific 
resistance,  at  ordinary  temperatures,  was  as  large  as  45  microhms, 
cm  'cm*.  Unfortunately  most  of  these  very  hard  wires  had  to  be  dis- 
carded, because  in  the  earlier  experiments  boiling  water  had  been  used 
ID  investigating  their  thermoelectric  powers.  We  subsequently  found 
that  100°  produces  a  very  pronounced  annealing  effect.  In  the  later 
experiments  with  glass  hard  wires  water  of  only  40°  was  employed,  and 
this  bat  for  a  very  short  period  of  time. 

Temperature  of  ignition. — Jarolimek  and  Ackermann''  in  their  experi- 
ments on  steel  arrived  at  the  important  result  that  the  rapidity  of  the  first 
part  of  the  chilling  of  red-hot  steel,  sayfrom  600°  or  700°  to  300°  or  400°, 
is  far  more  essential  as  regards  the  degree  of  hardness  obtained  than  the 
further  cooling  from  300^-400°  to  zero.  It  is  easily  pnasibte  to  harden 
a  rod  very  perceptibly  by  cooling  it  from  bright  redness  in  a  metallic 
bath  (Zn,  Pb)  at  400°.  Such  a  process  combines  in  one  the  operations 
of  chilling  and  of  annealing.  Cooling  from  300(>  or  tiHP,  however,  pro- 
duces no  effect  Again,  Ohemoff  had  previously  found  that  if  the  tem- 
perature Irom  which  steel  is  chilled  be  supposed  to  increase  continu- 
ously, no  observable  effect  will  be  apparent  until  a  temperature  in  dark 
cherry-red  heat  is  reached,  when  glass-hardness  is  suddenly  attained.** 

Our  experience  is  in  perfect  accord  with  these  results.  The  phenom- 
enon was  strikingly  manifested  both  in  rods  of  the  same  diameter  and  in 

"Jwolimeku.  AolieimuiD,  Zeitoobr.  fUrducbem.  Qroasgewerbe,  1880.  Similar  re- 
salts,  we  believe,  were  pnbllalMd  by  the  diBtingoighed  American  engioeer,  Mr.  Joebo* 
Suae,  bnt  we  bftve  been  nnable  to  fled  them. 

"D.  Cberooff:  Vortrag  gehalten  in  der  rusaiecben  TeobnUcben  QMellBobafC,  im 
April  a.  Hai  186S. 
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those  of  different  diameters.  Id  the  J9rst  instaoce  we  may  cite  our  obser- 
vations with  comparativety  thick  steel  rods,  which  the  available  current 
was  able  to  heat  to  dark  redness  only.  After  cbilling  these  remained 
soft  and  pliable  for  more  than  one-tbird  of  their  length;  bnt  at  a 
particular  point  of  the  wire  its  mechaDical  condition  cbaoged  suddenly 
to  brittle  harduess,  and  this  despite  the  fact  that  during  the  beating  a 
change  of  intensity  of  redness  along  the  parts  of  the  wire  in  question 
was  scarcely  discernible.  In  the  second  instauce  we  frequently  noted 
that  where  the  intensity  of  current  used  was  sufficient  to  impart  hard- 
ness readily  to  a  given  comparatively  thick  class  of  wires,  this  was  no 
longer  possible  for  the  next  larger  dimension,  notwithstanding  the 
fact  that  the  respective  thicknesses  varied  as  litUe  as  0.125  cm.  and 
0.145  cm.  It  is  furthermore  to  be  added  that  the  sudden  change  in 
question  is  equally  apparent  both  in  the  mechanical  as  well  as  in  the 
electrical  properties  of  steel. 

The  experiments  made  would  certainly  not  warrant  the  forced  assump- 
tion that  the  phenomenon  in  question  parties  of  the  nature  of  a  true 
discontinuity.  Some  molecular  change  occurring  at  an  extremely  rapid 
rate  is  alone  to  be  understood.  In  a  general  way,  however,  it  may  be 
stated  that  a  certain  critical  temperature  in  red  heat  mast  be  snrpaused 
if  sudden  cooling  is  to  produce  glass-hardness ;  otherwise  the  steel 
remfuns  soft. 

Thermo-electric  maxima  and  neutral  points. — In  this  place  a  final  re- 
mark may  be  added.  During  the  esperi^ments  we  had  frequent  occa- 
sion to  observe  "neutral  points"  (occurring  at  the  mean  temperature 

i(T+t)=ic  of  the  jnnctionB  of  the  thermo-element,  the  temperature  at 
which  the  electromotive  force  passes  with  a  change  of  sign  through  zero) 
of  comparatively  low  valne.  Many  of  the  hard  rods  differed  but 
slightly  from  silver  as  regards  their  thermo-electric  properties.  Max- 
ima of  electromotive  force  at  low  temperatures  were  even  more  fre- 
quently obtained.  A  number  of  examples  of  tbis  kind  will  be  found  in 
the  tables  below. 


BBHATIOB  OF  BARD   STEEL  BODS   AHNEALBD   IN  HOT  OIL   BATHS. 

Manipulalion. — Having  thus  in  hand  an  assortment  of  glass-hard 
rods  of  excellent  quality,  it  was  our  next  endeavor  to  reduce  the  de- 
grees of  hardness  of  these  consecutively  by  equal  amounts.  In  other 
words,  the  problem  was  so  to  anneal  tbe  rods  that  between  the  glass- 
hard  and  the  soft  states  as  extremes  a  great  number  of  intermediate 
approximately  equidistant  states  might  be  obtained.  We  commenced 
our  operations  with  this  end  in  vie^  by  heating  the  hard  steel  in  a 
large  bath  of  linseed  oil  very  gradually  to  different  temperatures,  re- 
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moving  samples  of  tbe  series  of  immeraed  rods  at  different  stages  of 
the  process.  Ineqnalities  of  temperature  in  the  bath  were  reduced  to 
a  miuimam  by  constant  stirriug.  We  also  adopted  an  inverse  method 
of  procedore,  in  which,  when  a  desired  temperature  was  reaebed,  the 
hard  wires  selected  were  submerged  in  the  oil  on  a  false  bottom  of  wire 
gaoze,  and  tiie  whole  allowed  to  cool.  After  several  days  they  were 
examined  both  as  to  their  tbermo-eleotric  power  and  their  speciflu 
resistance. 

Swttlte. — ^The  results  of  these  measaremeots  are  given  in -the  follow- 
ing table.  It  will  be  remembered  that  e  (observed  or  calculated  as 
spedfled)  is  tbe  electromotive  force  in  microvolts  for  the  temperature 
T  and  (  (centigrade)  of  the  jnnctioDS.    a  and  b  are  the  thermo-electric 

constants  of  Aveuarins,  *,  (  -^^.to  microhm  )  tbe  specific  resistance  at 

Vcm*  J 

the  temperature  t,  p  (cm.)  finally  the  radius  of  the  wires: 

T«Bi;b  7. — Tlurmo-eleefnet  and  oonAiatiMf  of  *ImI  wifw,  MU>«alei  in  oil  baft*. 
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Table  y.—Tktrmo-tlectriet  and  amducHvitji  «f  »t«el  wirti,  tatntaUd  {»  oil  talk*— Con^d. 
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Digest. — If  we  arrange  these  dififereot  degrrees  of  bardDess,  expressed 

both  thermo-electrically  and  in  terms  of  tbeir  specific  resistsDce,  with 

refercDce  to  continnoos  variation  of  the  former  quantity,  we  obtain 
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the  foUowiDg  perspicaoiis  tabalar  comparison.'  The  table  shows  tbat 
our  endeavor  to  reach  a  great  oamber  of  symmetrically  distribnted  de- 
grees of  hardness  systematically,  was  only  partially  saccessful. 


Table  6.- 

No.        i          a 

•     I'—-" 

Ho. 

. 

AniUMlfldM 

B.03 

7.80 
T.78 

""3    •" » 

1S.K                    900 
M.HI                    BOO 

ill    1 

Is      S 

24.M                    200 

6.  IS 
4.  IT 

*.2« 
4. 24 
4.<M 
9.BS 

R41 

ITO 

"3' 

27.  M 

g:S 

28.U 

W.04 
ILU 

•^^     2S0 

IJ ..- 

Ss 

0.19 
B.4I 

U 

\ 

ON  THE  BEARING   OF  TBK  TIHB  OF  EXPOSUBE  ON  TBE  EFFICA.CT 
OF  ANNEALING. 

Low  annealing  ien^eraturea. — Id  the  foregoing  experiments  the  lowest 
tempeiatare  employed  was  li!0°.  It  will  be  seen  that  the  anneaUiig 
eSect  tboa  produced  is  strikingly  large.  This  observation  natarally 
saggested  the  qnestion  aa  to  what  resalts  are  to  be  expected  when  the 
annealing  is  conducted  eveo  at  lower  temperatures.  The  inquiry  woald 
have  an  immediate  practical  bearing :  It  will  be  remembered  that  in  the 
thermo-electric  meaanremeots  it  is  desirable  to  raise  one  of  the  junc- 
tions to  a  high  temperature  relatively  to  the  other.  We  are  led  to  ask, 
therefore,  how  high  this  temperature  may  be  chosen  without  destroying 
uniformity  of  temper  and  producing  partial'annealing  at  one  end  of  the 
rod. 

Retvlts/ar  100°. — We  began  the  preliminary  experiments  with  the 
two  rods,  Sw.  24  and  26,  of  nearly  the  same  thicknesses,  0.0574  cm. 
and  0.0554  cm.,  respectively,  but  of  different  degrees  of  glass-hardness. 
Thermo-electric  measurements  only  were  made,  with  results  for  the 
class-hard  state  as  follows: 

Table  9. — Thermo-aleoiric  povxr  of  gttui-hard  wirtt. 


• 

r 

7S.B 
N.1 

sols 

observed. 

-2.m 
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io:2u 

-2. 703, 
-2SM' 
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-Lira 

:SS 

• 

b 

si 
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11.4 

12.4 

mierotM. 

-H.1I 

„4cr».K. 

-O.0W8 

-0.D1N 
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These  wires  vera  now  exposed  to  the  action  of  steam  at  100°  for  a 
period  of  one  hoar,  in  an  ordinary  Iwiling-poiot  apparatus.  The  meas- . 
arement  of  thermo-electric  position  made  on  the  following  day  showed 
these  values; 

.     Table  10.— Sard  wfrw,  1"  at  100°. 


. 

T 

.C^ 

t;lll> 

9 

• 

■"it! 

""3 

-o.«a 

+O.WB 
1010 

o.ut 

TKUnvoU. 

o!sM 

0.7« 
0.000 

I     +ii.m 

"'™* 

-...,« 

-0.01W 

'  Nantnl  point:  (T+O— f= 


.W.ii  .\T-4af.B. 


From  a  comparison  of  the  values  of  a  before  and  attet  annealing  at 
100°,  a.  variation  of  thermo-electric  power,  therefore  also  of  mechanical 
state,  is  very  strikingly  apparent;  whence  it  follows  at  once  that  in 
the  meaanrements  of  e,  the  use  of  boiling  water  in  the  hot  receiver  in 
the  case  of  very  hard  wires  is  under  no  circamstanoes  permissible. 
Indeed,  from  the  magnitude  of  the  variation  in  question,  we  infer  that 
temperatures  even  much  lower  than  100°  will  show  a  tendency  to  pro- 
dace  an  annealing  effect  serionsly  detrimental  to  a  uniformity  of  the 
temper  of  the  wire. 

Thealiove  experiment  was  repeated.  The  tods  were  again  annealed 
at  100°  for  a  period  of  one  hour,  and  thermo- electrically  examined  on 
the  following  day. 

Table  11,— flonJ  trirei,  2"  at  100°. 


'  1  ■■ 

obU^ed. 

clO* 
ciloaUted. 

„ 

> 

"0. 

1!:! 

]T.* 

1! 

-0. 

n.s 

04.7 
MS 

sa.4 

W.1 

mfanrKU. 
0.1M 
0.181 
I.2M 

i.oas 
o.eu 

0.17* 
■oilOT 

o:ssa 

miCTOMtt. 

}    - 

M,.^ 

-(touo 

-"■"» 

■Hazlmam  at  2^-1^=070.8;  obMTved,  v=te.S;  calo.,  y=17.8. 

The  results  again  show  a  smaller  but  nevertheless  clearly  pronounced 
variation  of  thermo-electric  power,  and  we  arrive  at  the  important  con- 
clusion that,  iu  addition  to  the  temperature  of  the  annealing  bath,  a  sec- 
ond factor  is  essential  in  conditioning  the  resultant  hardness,  namely, 
the  interval  of  time  during  which  the  anuealiog  is  prolonged,  or  tho  rod 
exposed  to  the  given  temperature. 
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With  tfae  object  of  disooTering  the  natare  of  this  time-effect,  the  ex- 
perimenta  were  coDtioned  in  the  same  way.  The  resnlts  are  coDtaioed 
in  the  following  tables: 

Table  12.— Hard  wins  S*"  al  100°. 
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LtSS 
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Table  1 

4.-fliBvJ  mra  5^  al  100°. 

1       '       i      r      \..L^«i. 
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°(7.           tutermiU. 
71.fl!           O.MI 
K.4  1           0.477 

«4.  t             0. 3»l 
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«.0|           D.*K 
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-™«. 
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Table  I 

5.-H«rd  wtret  6"  at  100°. 
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0.6S7 

oilM 

LOS« 
1,018 

miernwU. 
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IHgegt. — The  relation  between  a  and  the  time  of  exposure  is  more  per- 
spiuaously  apparent  iD<4he  following  comparison: 


From  this  grouping  of  parallel  results,  or,  more  evidently  Btill,  from  a 
graphic  representation  (time  as  abscissa,  thermo-electric  constant  as 
ordinate,  mean  values  of  Nos.  24  and  25,  figure  9),  it  will  be  seen  that 


:§ 

^ 

-^ 

—" 

...J 

/ 

j 

/ 

■dmtt^t 

^lOMUrK-* 

Tm. ).— Hard  iiir«  umwled  far  ali  conHegllve  honn  Id  ■team  M 100°. 

hardness  varieB  continuously  with  the  titne  of  exposure  of  the  glass- 
hard  rod  to  the  given  annealing  temperature;  that  the  amount  of  ther- 
mo-electric change  rapidly  decreases  as  the  time  increases,  until  finally 
a  definite  and  superior  limiting  value  is  aaymptotically  reached.'* 
After  these  introductory  experiments  we  determined  to  investigate 

"Among  the  above  reanlts  tbo  individual  values  of  a,  1.70  for  the  first  and  3.77  for 
the  second  rod,  require  comment.  It  is  obviouB  tliat  from  the  forit  obaerviitioiis  for 
Bach,  probably  affected  witli  larger  errom  than  usual,  tlio  metbod  of  least  squares 
baa  not  derived  the  conatauts  ia  closest  accordance  nitb  fact.  Tbis  betrays  itaeLf  ia 
tbe  values  obtained  for  b,  wbicb  difler  largely  from  tbe  average  valnea.  Tbe  con- 
stant t>  varies  bnt  slightly  (as  a  general  mean  —  i=0.0100  maybe  accepted).  Associ- 
ated with  the  Talnes  of  a  in  qneiitiou,  bowevor,  we  have  — b=0.0075  (corresponding 
to  the  small  result  a=^ I. TO)  and— b— 0.0103  (coirespondiDg  to  tbe  large  result  a=3. 77). 
But  in  view  of  tbe  fact  tbat  tbe  fnnction  of  which  a  is  the  coefficient  is  positive,  and  ' 
that  in  which  h  is  involved,  negative,  tbe  errors  of  both  a  and  b  are  partially  alimi- 
nated  In  tbe  sum,  so  tbat  observed  a  and  cal<]ulated  e  are  again  in  aatisfiwtoir  ao- 
cordauce. 
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the  pbenonieiia  of  anaealiog  more  rigidly,  giving  the  effect  of  time  of 
exposure  due  promiaence.  Besides  the  boiling  poiat  of  wat«r,  that  of 
methyl  alcohol  at  66^.0  and  that  of  aniline  at  185°  were  chosen  for  an- 
Dealing,  the  wires  being  suspended  in  vapors  of  these  sabstancee  oirco- 
lating  in  a  glass  boiliDg-poiat  apparatns.  A  still  higher  temperatnre 
(330°)  was  ftiruished  by  the  melting  point  of  lead.  Batches  of  three 
wires  of  different  diameters  and  different  degrees  of  glass- hardness  were 
selected  to  be  annealed  respectively  at  each  of  these  temperatares.  To . 
trace  the  effects  resulting,  simnltaneons  determinations,  both  of  thermo- 
electric power  and  condnctivity,  were  made  at  as  many  stages  of  the  pro- 
cess as  appeared  desirable.    The  data  are  contained  in  the  labflb  16-28. 


BEHATIOB    OF    HARD    STEEL    ANNEALED    IN    TAFOB    OF    BOILING 
METHYL   ALCOHOL    (66°). 

The  rods  selected  were: 

No.  28;  diameter  (2^}=0.0827  cm., 
Ko.  29;  diameter  [2/9)=0.0631  cm.. 
No.  30;  diameter  (2/3)=0.0479  cm. 
After  the  thermo-electric  power  (microvolts)  and  specific  resistance 
(microhms)  for  the  glass-hard  state  had  been  determined,  the  wires  were 
subjected  to  the  annealing  influenoe  of  vapor  of  methyl  alcohol  at  66^ 
for  three  consecative  hoars,  and  at  the  end  of  each  hoar  examined  by 
the  aid  of  the  electrical  qualities  in  qaestion.    The  results  are  these : 

Table  16.— Sard  eteel  amttealed  at  66°. 
[RodXo.  2g.    2p=0.l)e27.1 
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Table  17.— Bard  tteel  annealed  at  BtP. 

(Bod  No.  3ft    v=e.oe3L] 
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Tabu  18. — Sard  ittel  amuated  « 

(RodITa.M.    V=0-Mn'l 
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BEUAVIOB   OF   HAKI>   STEEL   ANNEALED    IN    STEAM    (100°). 
The  roila  selecleil  were: 

Xo.  3t ;  diameter  (■2,i]=0.0833  cm., 
No.  33;  cliaiBeter(2,:))=0.0ClGcm., 
No.  33;  diameter  (i;/j)=0.(MOl  cm. 

Diir  earlier  experimentR  with  nxU  Nos.  24  and  25  bad  tihown  that  tlie 
effect  of  annealing  in  steam  is  particularly  marked  daring  the  first  hour 
of  esposare.  We  tberefore  decided  to  obtain  intermediate  stages  by 
making  intcrraptiona  and  examinations  after  cacli  of  the  first  10, 30,  and 
60  iDinntea  of  this  interval.  After  this  the  rods  were  annealed  during 
two  honrs  more,  as  above.  The  result;*  for  the  hardness  in  the  original 
(glass-hard)  and  subsequent  states  are  fully  given  in  the  following 
tables: 

Tadlk  lO.~Bard  ttrrl  anntaM  «1 100°. 
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Tablk  20.— fforrf  »(«!  ann*ri(«i  a 


Table  21. — Hard  tleel  antitaled  a 
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BEHAYIOB    OF    HABD    STEEL    ANNEALED    IN  TAPOB    OF    BOILINa 
ANILINE  XI 85°). 

The  details  of  the  operations  in  this  case  were  the  same  as  those  d6- 
Bcribed  in  the  foregoing  paragraph.    The  rods  ased  were: 
Ho.  34 ;  diameter  (2/j)=0.0836  cm., 
No.  35 :  diameter  (2/3)=e.0627  cm., 
No.  36;  diameter  (2p]  =0.0481  cm. 

The  results  obtained  are  the  following : 

Tablk  ^.—Sard  lUel  anntaled  at  Ia5°. 
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Tasls  33.— Bard  tUel  anneaUd  at  186°. 

[Rod  No.  IS.    3f>=D-<)*2T.] 
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Table  24.— flonl  atecl  ommM  al  185°. 

[SodHo.  ».    3f>=0.0481.] 


Bamuk*. 

■ 

T 

.^"U. 

oalo^Iated. 

■ 

i 

ft 

( 

OB 

OC. 

1! 

20.4 

°C. 

4(L0 

-0.222 

wttroeoU. 
-0.270 

-0.1M 

fZ 

mtemvU. 
-0.0m 

87.17 

"C. 

n 

lO-iDTI^orofHllUneBt 
ISSa. 

18- a 

10.2 

71,8 
SS.7 

48!  4 

I'd 

1.250 

}  .„ 

-aoon 

28.85 

Sft 

•K'SW-'"'- 

IRS 

84.8 

2.488 

1.M8 
1.800 

lioos 

1.208 

1- 

-0.0118 

34.01 

„ 

B0>  mon  In  vapor  of  ani- 
line at  185". 

17:0 

is 

2.605 
S.11S 

1:268 

2.603 
1:202 

}  - 

—6;  0188 

24.18 

■• 

V  more  In  vapor  of  aui 
Una  at  180°. 

17.0 

40.B 

2.178 

iisj 

LOSS 
1.371 

5.90 

-0.0106 

29.88 

18 

1>  mon  in  TkpOT  of  ani- 
line at  186°. 

88.0 

sie 

13K 
1.880 
1.632 

}     .. 

-«.„ 

nu 

1» 

(644) 


Ll 


STEEL  ANNEALED  AT  SMP. 


53 


BEHATIOB   OF    HABD    STEEL    ANNEALED    IN   MOLTEN   LEAD    (330°). 

From  an  iospection  of  tfae  foregoing  families  of  curves  it  appeared 
probable,  in  view  of  tbis  relatirely  Ligh  temperature,  tbat  annealiog 
eifects  of  great  magnitude  would  occur  during  tlie  first  minutes  of  ex- 
posore.  Conformably  berewitb,  tbe  rods  were  subjected  to  33(P  during 
consecutive  intervals  of  1™,  30*",  and  1'',  and  examined  at  the  end  of 
each  of  these  times.    Tbe  rods  selected  were : 

No.  37;  diameter  (2p)=0.0820  cm. 
No.  38 ;  diameter  {2p)=0miQ  cm. 
No.  39 ;  diameter  (2p)=0.0183  cm. . 
The  following  results  were  obtained : 

Table  U5.—Hard  ttetl  anneaUd  ai  330=>. 
(Hod  Mo.  37.    2p=0.0e20.| 
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Tabli  W.~Bard  XmI  amita^td  at  3! 
[WmKa.M.   if  iftllW.) 
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GENEBAL   DISCUSSION   OF   THE    RESULTS   OF   THIS   ANNEALING. 

IHge9t, — The  reanlts  thua  for  given  adequately  exhibit  the  general 
physical  character  of  the  process  of  temperiDg.  For  the  sake  of  clear- 
ness, and  with  a  view  of  partially  etimiuating  aacb  discrepancies  as  are 
doe  to  incidental  errors,  the  three  individaal  values  of  thermo-electric 
power  and  specific  resistance  for  each  of  the  temperatures  of  annealing 
will  be  combined  and  their  mean  chosen  for  discassion.  We  thus  arrive 
at  (he  following  relations: 

Table  S8.— jtfean  resulla: 
I. — Fi/r  annealiitg  in  eapor  of  boiling  methy}  alcohol  (C6°). 
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III. — For  annealing  in  vapor  of  boiling  aniline  (185°). 
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Dedueiion: — If  these  fbnctioualitles  are  constracted  graphically,  as  has 
been  done  in  Fig.  10  (time  as  absciesa,  thermoelectric coDstoDt  as  ordi- 
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Date),  we  obtain  a  family  of  typical  cnrves,  the  general  character  of 
which  is  distinctly  pronounced  and  may  be  thns  expreeaed; 

The  degree  of  hardness  retained  by  a  glass-hard  rod,  atter  having 
been  snbjectcd  to  tbe  operation  of  annealing,  is  dependent  both  on  the 
teniperatnre  to  which  it  has  been  exposed  and  on  the  interval  of  time 
daring  which  this  exposure  has  taken  place,  in  such  a  way  that  the 
effect  of  time,  though  of  predominating  importance  in  the  case  of  small 
values  of  temperature,  is  more  and  more  negligible  iu  proportion  as 
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Ihese  values  iucreaae.  Tbe  operation  is  always  most  effective  in  its 
earlier  stages,  and  this  efficiency  decreases  very  slowly  where  the  tem- 
peratures are  low — very  rapidly,  indeed  almost  suddenly,  wbere  they  aie 
high.  If  the  action  of  any  temperature  be  indefinitely  prolonged,  the 
rod  under  its  influence  nltimately  reaches  an  inferior  and  limiting  de- 
gree of  hardness  characteristic  both  of  the  temperature  chosen  and  the 
type  of  steel  under  exijeriment.  In  other  words:  the  annealing  effect 
ef  any  temperatnre  increases  gradually  at  a  rate  diminishing  contiaa- 
onsly  through  infinite  time,  very  slowly  in  case  of  low  temperature 
(.<1009),  with  extreme  rapidity  in  case  of  high  temperatnre  (>200°), 
ao  that  tbe  highest  of  the  inferior  states  of  hardness  possible  at  any 
given  temperatare  is  approached  asymptotically.  Tbe  effect  of  tbe  in- 
tensity of  glass  hardness  (strain)  of  tbe  originally  bard  rod  is  not  readilj' 
discernible. 

The  considerations  set  forth  readily  suggest  the  terminology :  "  maxi- 
mum qfpermanent  hardness  for  the  temperature  t" — an  expressjon  which 
will  be  used  throughont  tbe  sequel  to  designate  the  highest  of  the  in- 
ferior states  of  hardness,  persistent  at  the  said  temperature,  t. 

The  relatively  large  efiTect  produced  by  low  temperatures  {<tOO°), 
vben  a  glass-hard  rod  is  subjected  to  tbeir  inflneoce  for  a  loug  period 
of  time,  is  deserving  of  special  meution.  It  follows  that  a  perceptible 
aonealiog  effect  must  be  attainable  with  temperatures  much  lower  than 
the  lowest  above  employed;  indeed  that  the  only  inferior  limit  in  thifi 
lespect  is  probably  the  temperature  of  the  water  lu  which  tbe  rod  was 
originally  chilled, — while  even  tbe  chilled  rod,  though  kept  at  constant 
temperature,  cannot  be  regarded  as  existing  in  a  state  of  thorough 
molecular  equilibrium  until  the  lapse  of  a  considerable  interval  of  time 
after  the  hardening  has  taken  place.  Herefrom  it  appears  that  in  the 
thermo-electric  experiments  tbe  danger  of  destroying  tbe  uniformity  of 
temi>er  of  a  glass-hard  rod  by  overheating  the  hot  junction  is  greatly 
to  be  appreheuded.  Quick  work  and  low  temperatures  are,  therefore,  to 
tie  preferred  at  au  unavoidable  sacrifice  of  accuracy.  Nor  is  soldering 
of  the  ends  permissible,  except  with  the  most  extreme  and  intelligent 
caution.  We  desire  to  advert,  in  conclusion,  to  the  important  bearing 
of  this  nnlooked-for  sensitiveness  of  hard  steel,even  to  low  temperatures, 
on  all  other  physical  properties  depending  on  the  temper  of  this  mate- 
rial— permanent  magnetism  for  instance.  It  is  obvious  that  the  nature 
of  a  purely  magnetic  phenomenon  can  only  be  satisfactorily  investigated 
when  the  material  carrying  the  magnetic  quality,  throughout  the  course 
of  the  experiments  undergoes  no  permanent  change,  otherwise  we  vir- 
tually commence  our  investigation  with  one  rod  and  finish  it  with 
another,  obtaining  data  which  are  not  immediately,  if  at  all,  comparable. 
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SUCCESSIVE   ANNEALING. 


ON  THE  EFFECT  OF  HIGHER  AND  OF  LOWER  TEMPERATURES  ON 
THE  TEMPER  OF  STEEL  OHIQIKALLY  ANNEALED  AT  A  GIVEN 
INTERMEDIATE    TEMPERATURE. 

Effect  of  lower  temperatures. — Tho  oiarbcd  tendency  of  glass-bard 
rods  to  snfTer  diiuiuation  of  hardness,  even  vtieo  exposed  to  teD]i>era 
tures  but  slightl;  above  mean  atmosplierie  temperature,  naturally  led 
to  anotber  important  inquiry  almost  the  converse  of  the  preceding. 
'^''e  refer  to  the  behavior  of  a  rod  annealed  at  a  given  temperature 
to  the  proloDged  effect  of  lower  temperatures  snbseqtieDtly  applied. 

For  the  parpose  of  obtaiuing  oxperimental  data  a  steel  wire  (No.  26, 
2/p=0.0S3),  which  had  on  a  former  occasion  been  annealed  in  an  oil  bath 
at  250°,  was  exposed  to  steam  at  100°  for  one  honr.  The  results  of  the 
tbermo-electric  measurements  made  before  aud  after  this  final  exposure 
were  these: 

Table  2&j~Steel  asnealtd  at  t,'-  ezpoitd  to  t,°,  (i  >  tt 
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The  temperatures  t  in  both  series  are  approximately  identical.  The 
electromotive  force  e  may  therefore  be  regarded  as  dependent  on  the 
difference  of  temperature  T~t  on]y,=*  and  with  this  presumption  graphi- 
cally represented.  If,  with  the  object  of  interpolating  graphically,  the 
two  corves  be  carefully  constructed,  and  the  values  of  e  for  the  tem- 
peratures of  the  one  set  of  observations  be  derived  from  the  curve  for 
the  other,  then  a  comparison  of  corresponding  values  of  e  shows  clearly 
that  no  aunealing  due  to  100°  is  appreciable.  In  tho  table  (29)  the  in- 
terpolated electromotive  forces  are  distinguished  by  parentheses. 

"For  ez=a{T~t}+l  ( r>—P)—iT—t)  (a+b  [  r-(]-f-3  U)=f  ( T—l)  if  ( is  constant. 
(649) 
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This  result  was  corroborated  by  a  second  experiment  made  in  tbe 
same  way  with  rod  'So.  27  (2p=0.08G],  which  had  been  annealed  in  oil 
at  200O.  The  fberrao- electric  data  obtained  before  and  after  the  final 
annealing  at  100°  were: 

Tablk  30.— 5fMl  oidimM  oI  f,<>  eipoMiI  1o  ifi,  ^>(i. 
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Plainly  these  results  admit  of  the  following  generalized  interpreta- 
tion: A  steel  rod,  annealed  at  a  given  temperatare,  will  remain  the 
more  nearly  passive  as  regards  the  effect  of  an  inferior  temperatare,  the 
lower  its  value  and  the  shorter  its  time  of  application  on  the  one  hand, 
and  the  nearer  the  mechauical  state  of  the  rod  to  the  limit  of  hardness 
for  the  said  temperature  on  the  other.  Where  the  limit  in  question  has 
been  fully  reached  the  rod  is  unaffected  by  the  action  of  lower  tempera- 
ture, however  prolonged. 

Effect  of  higher  temperatures.— Thexb  is  another  que.stioii  of  a  similarly 
important  bearing  on  the  nature  of  the  jthenomeua  of  annealing.  In 
the  above  we  drew  the  general  inference  that  in  the  case  of  a  given  rod 
possessing  a  given  degree  of  glass-hardness,  the  mechauical  state  re- 
sulting after  annealing  is  dei>cndeut  on  the  temperature  and  the  time 
of  exposure  only;  that  when  the  latter  is  indefinitely  iirolonged,  a  par- 
ticular and  characteristic  limit  of  hardness  is  reached  for  each  tempera- 
ture of  the  annealing  bath.  If  this  be  the  case,  then  it  must  be  imma- 
terial, in  80  far  as  the  identity  of  the  final  states  is  concerned,  whether^ 
for  instance,  a  rod  is  first  annealed  in  steam  at  100°  and  then  in,aniline 
vapor  at  185o  to  a  limit,  or  whether  it  is  annealed  to  a  limit  in  aniline 
vapor  at  once.  In  other  words,  the  maximum  rednction  of  hardness 
attainable  by  the  actiou  of  any  given  temperature  on  glass-hard  steel 
is  independent  of  the  manner  of  variation  of  hardness  (the  path  as  it 
were)  by  which  this  final  state  is  reached.  On  this  poiut  the  following 
experiments  were  made: 

Three  steel  wires  of  different  thicknesses  (Nos.  40,  41,  42),  carefully 
tested  for  longitudinal  homogeneity,  were  first  examined  in  the  glass- 
hard  state.  They  were  then  broken  in  two,  and  one  of  the  halves  of 
each  was  annealed  directly  in  aniline  vapor  at  ISo'^  for  10  minutes;  the 
others,  however,  were  first  exposed  in  steam  at  100°  for  40  minutes,  and 
after  this,  as  in  the  former  case,  for  10  minntes  in  aniline.  Hereupon 
the  six  rods  were  tested  for  hardness,  with  the  following  resolts.  It 
(650)  ^  ^^^^^^    ^^ 
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was  expedient  to  make  measnremeDts' of  resistaDce  ooly,  Hockio  and 
Mattbieeseo'a  method  being  employed: 
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A  sdcoDd  ezperimeDt  was  made  with  three  other  wires  (N'os.  43,  44, 
45).  After  the  hardness  for  the  glass-hard  state  had  been  obtained^ 
the  rods  were  again  broken  in  two;  one  of  the  halves  of  each  was  an- 
nealed for  40  miuates  in  ethylic  alcohol  vapor  at  78°,  aud-tben  for  6 
hoQFB  in  steam;  the  others  in  steam  only  during  the  same  interval. 
The  results  obtained  are  these: 
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Both  of  these  series  of  experiments  are  in  perfect  accord,  and  we 
therefore  infer:  The  specific  effect  of  a  given  temperature  of  annealing 
on  the  state  of  hardness  of  steel  is  independent  of  the  jioxsibly  pre- 
existing effects  of  alower  temperature,  to  the  extent  that  theresiilt  of  the 
inflaence  of  the  latter  is  the  more  fully  aanulled  the  greater  the  period  , 
of  action  of  the  former. 

Anomahm  feature. — This  result  is  remarkable,  inasmuch  as  by  a  sud- 
den exposnre  of  a  glass-bard  rod  to  (high)  temperature,  a  very  large 
amount  of  potential  energy  is  imtantatieousty  released.  If,  therefore, 
two  identical  glass-hard  wires  be  annealed,  the  one  by  raising  the  tem- 
perature very  gradually  as  far  as  if,  the  other  by  being  suddenly  ex- 
posed to  (",  we  would  infer,  cefemparifitM,  that  a  difference  of  hardness 
must  result.  For,  in  view  of  the  sadden  conversion  of  the  available 
mechanical  energy  into  heat  in  the  latter  ease,  we  anticipate  an  equiv- 
alent increase  in  the  temperature  of  the  rod.  Virtually,  therefore,  this 
steel  is  annealed  at  a  temperature  somewhat  above  that  of  the  anneal- 
ing bath,  or  above  that  of  the  other  rod,  3o  far  as  our  experiments 
went  this  was  not  de'tected;  but  the  test  made  is  not  exhaustive.  Our 
attention  was  centered  on  other  matters  at  the  time.  Possibly,  how- 
ever, the  anomalous  distribution  of  hardness  obtained  by  annealing  in 
oil  may  be  partially  accounted  for  m  this  way. 
(651) 
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BEHAVIOE    OF    SOFT   STEEL    RODS. 

Object  of  the  meiMwrcjHCTii.— Tbu  above  values  for  thermo-electric  power 
all  refer  to  elements  in  which  ateel  is  tliermo-cleotricallj'  combiDed  with 
pure  soft  silver;  but  the  latter  metal^  though  chosen  expediently,  is 
otherwise  arbitrary  and  withoat  iiihcieiit  bearing  on  the  subject  in 
hand.  We  will  undoubtedly  obtain  data  more  in  harmony  with  the 
purpose  of  the  present  investigation,  and  far  more  readily  intelligible, 
by  elimiuatihg  this  foreign  metal  from  our  considerations  entirely.  It 
is  to  be  our  endeavor  throughout  the  following  paragraphs  not  only  to 
add  to  the  perspicuity  of  our  data,  but  also  to  give  them  possibly  im- 
mediate theoretical  signifloance,  by  referring  all  measurements  to  a 
particalar  and  normal  state  of  steel.  The  soft  state  would  appear  to 
suggest  itself  iu  so  far  as  it  occupies'an  extreme  and  inferior  positioii 
iti  the  scale.  If,  however,  this  is  to  be  chosen  as  a  point  of  departure, 
the  rods  in  this  state  should  possess  normal  and  fixed  thermo-electric 
qualities,  even  for  different  kinds  of  steel.  This  is  by  no  means  the 
case,  as  the  special  experiments  presently  to  be  detailed  will  show. 
Indeed,  oven  in  the  case  of  soft  rods  nominally  of  the  same  material,  at 
all  events  nearly  of  identical  composition,  the  difference  of  tbermo- 
electrlc  power  is  often  very  marked. 

Method  of  softening. — With  the  object  of  reaching  extreme  valuw  of 
the  soft  state,  the  rods  were  embedded  in  artificial  powdered  ferro-ferric 
oxide,  as  it  falls  from  the  anvil,  and  surrounded  by  a  closed  gas-pipe; 
the  latter  in  tarn  enveloped  in  a  thick  coating  of  fire-clay,  protected 
externally  with  thin  sheet-iron.  The  whole  was  heated  to  intense  red- 
ness, and  then  allowed  to  cool  very  slowly  in  the  ashes  of  the  smoldering 
fire".  The  non-conducting  envelopes  insured  a  very  gradual  subsidence 
of  temperature. 

Data  for  toft  steel  and  for  soft  iron. — As  examples  the  resuttB  ob- 
tained with  rods  Nos.  46,  47,  and  48  will  be  given: 

Tabi^  :il.—JiehaHor  0/  toft  Heel  rodt. 


No. «.      2f>=0.  MiS  . . 


Ho,«.     ai=(1.048a.. 


>'With  regard  to  tbe  decarbonlsstloD  posaibte  ' 
<!li&ptet  III. 
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'  incident  to  thia  operatio 


BEHATIOR  OF   SOFT  WIBE. 


For  the  sake  of  compariBou  iron  wires  of  differeot  kinds  were  treated 
in  the  same  way  and  snbseqaently  examined.  Tbe  resnlts  obtained 
with  Kos,  I,  II,  and  III  will  be  cited  as  examples: 

Tabix  32. — BahariOT  of  lo/t  iron  HHn. 


SCBHkl. 

(    1   r 

obM^ 

• 

ft 

«    1. 

"P. 

mttrovM. 

cm'' 

IS.  8 

«S.R 

<«i.« 

-0.0174 

IS.  01      » 

las 

44.9 

a6t7 

260.0 

H&n.    Z,>=O.0«3O 

m« 

!}3 

Si 

UO.S 

L        10.  M 

-0.0135 

1474  '     !• 

iS.* 

24L« 

18.  c 

08.1 

«.«, 

-*0140 

lie? !  » 

iM.1 

IMLS 

imjMin'fie*  in  «tee{  a?id  iron. — Now,  there  is  reason  to  aappoee  that  in 
the  case  of  iron  carburets  generally  the  electrical  effect  of  foreign  im- 
parities is  partially  masked  by-  the  phenomenally  great  effect  of  com- 
bined  carbon.^  Conformably  with  the  nanally  accepted  views,  therefore, 
the  shifting  of  thermo-electric  position  due  to  the  presence  in  iron  of 
materials  {S.,  !>.,  Si.,  etc.]  other  than  carbon  will  be  partiealariy  marked 
for  the  soft  states.  For  it  is  here  that  the  quantity  of  combined  carbon 
contained  is  at  a  minimum,  while  the  steel  itself  is  in  a  natoral  homo- 
geneous state.  We  have  analogies  in  the  case  of  alloys.  For  instance, 
on  alloys  of  gold  and  silver  small  additional  quantities  of  foreign  ad- 
mixtores  are  relatively  without  marked  electrical  effect,  whereas  if  pure 
gold  or  pare  silver  be  adulterated  with  the  same  quantities  of  the  same  ma- 
terial the  result  is  pronounced.  If  we  compare  the  values  of  a  and  a  for 
soft  iron  with  those  obtained  for  soft  steel  the  specific  effect  of  carbon 
is  strikingly  obscure.  We  are  induced  to  refer  tbe  comparatively  small 
differences  apparent  to  tbe  effect  of  foreign  impurities  in  the  iron.  At 
least,  in  contrast  with  the  phenomenal  electrical  interval  between  tba 
giiiss-hard  and  the  soft  states  of  steel,  the  electrical  effect  of  carbon  il 
here  wholly  masked  by  that  of  tbe  incidental  ingredients.  Bat  it  is 
herewith  folly  demonstrated  that  the  steel  rod  possessing  the  qnalities 
of  a  normal  most  be  sought  for  elsewhere  than  in  the  soft  state. 

"Directly  or  indirectly.     It  will  be  shown  in  t'he  seqael  that  the  electrical  variation 
ditcDtMd  In  this  chapter  ia  probably  dae  to  the  stniin  accompanying  hitrduMi^  bat 
thii  in  !t«  tnro  is  conditioned  by  the  prenenoe  or  carbon  in  iron. 
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THE  RELATION  EXISTING  BETWEEN  THE  THEEMO-ELECTEIC  POWEB 
AND   THE   SPECIFIC   EESISTAHCE  OP  STEEL. 

Reduotion  of  data. — In  the  above  experiments  we  have  thus  far  met 
with  86  pairs  of  correlative  valaes  of  specific  resistance  and  thermo- 
«lectric  constant.  We  will  supplement  these  results  by  values  obtwned 
with  fonr  rods  subjected  to  six  hours  of  annealing  in  steam.  They  are 
as  follows : 


Bod. 

«. 

.. 

. 

Ko.«» 

Mo.S) 

S^S;:::: 

i-W 

li 

!! 

In  all,  therefore,  we  are  in  possession  of  90  pairs  of  valaes.  These 
amply  suffice  to -decide  in  how  far  an  intrinsic  relation  between  thermo- 
electaic  power  and  specific  resistance,  in  case  of  one  and  the  same  nietal 
^steel),  in  different  Btat«s  of  temper,  demonstrably  exists.    Now  we  have 


{d(T~t))-^,    "' 


whence  it  appears  that  the  thermo -electric  constant  a  primarily  refers  to 
the  temperature  zero,  centigrade.  It  is,  therefore,  consistent  to  reduce 
the  observed  values  of  specific  reststaDce  (18° — 21°)  to  the  same  tem- 
perature (zero).  This  is  at  best  a  laborious  piece  of  work,  and  more- 
over presupposes  a  knowledge  of  the  relation  of  cesistauce  and  tem- 
perature (the  coefficients  vary  within  the  large  range  of  O.l  per  cent, 
nearly  to  above  0.4  per  cent.)  for  each  of  the  90  degrees  of  hardness 
encountered.  But  with  the  aid  of  the  results  contained  in  Obaptfir  I 
of  the  present  memoir  this  reduction  may  be  satisfactorily  made.  The 
results  are  given  in  the  following  table,  where  s,=  s[l-\-at)t 
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FUNDAMENTAL   OOXSTAKTS. 
Taslk  33.— SjKdflo  retiiiaaet  («h/»mh'  C  mierolim)  of  tteel. 


So. 

>i 

< 

-xio. 

. 

No. 

'. 

• 

-XIO. 

* 

t-f .. 

1 

-XlO" 

. 

10 

1 

18 
S3 

2> 

IS.<M 
10.H 

aioo 

9o!7S 
1174 

30.47 

SE 

2a.  OS 
moo 

IT.M 

Z&ll 
38.70 

28.(8 

30.M 

!IS 

<2.SS 
U.08 

4LT0 

10 
10 

10 

20 

10 
10 

1) 

10 
10 

17 

l.T 

iT.n 
lolta 

18-21 
1S.M 

S1.SS 
Si!** 

11.80 

IOlW 
28.  M 
20.88 
2t.W 
18.71 
80.08 
87.18 

28.11 
20.  TO 
28  71 

ill 

20 

30 

30 
80 

i 

82 

82 

1 

88 
B3 
81 
U 

4I.33 

■7.08 
88.80 
88.  Bl 
36.42 
40.47 
80.05 

Its 

so!  88 

38.02 

88.  as 

38.10 

8&08 

S!S 

8^20 
81.22 
30.07 
30.31 
20.28 

2882 
29.85 

10 
18 
20 

IB 

1 

10 
IS 

18 

1.7 

L7 
1.8 

1.0 
2.0 
1.7 
1.7 

LO 

\i 

h» 

2.0 
2.2 

Is 

1.0 

48.03 

Si  SO 

80.08 
S7.70 

85.08 
84.21 

SO,  SO 

S8.2S 
30.  TO 

Si  03 

St!  84 
33.72 
81.80 

20!  10 
25.04 

i 

85 

35 

SO 

88 
SB 
SB 
38 

so 

88 
SO 

48 

61 

SB.  08 
ZI.28 

11 

2185 
28.68 
38.  SI 

ill 

10.88 

it!  25 
80.04 
18.80 

ss 
Is 

2S.8B 

20 

20 

IB 
IB 
18 

1 

18 

.19 
IB 

24  81 
23!  87 

Si 

ia.03 

2141 

li 
ill 
isl 

84.85 

Sg 

18.80 

ill 

.  34!  51 
28.11 

25.85 
27.41 

Fundamental  comtanU. — P'or  the  sake  of  greater  clearneBS  iu  desigoa- 
tioD,  let  a  be  replaced  by  y',  St,  by  x.  Parallel  variations  of  y'  and  x  we 
have  had  frequent  occasion  to  notice.  But  we  have  now  the  data  in 
Land  for  a  complete  Jiaciissioit  of  the  nature  of  their  nintual  depend- 
ence, and  this  will  manifest  itself  perspicuonsly  and  at  once  in  a  graphic 
representation  with  x  as  abscissa,  y'  as  ordinate.  Figure  11  contains 
the  90  points  in  question.  They  lie  within  a  baud  or  pathway  which, 
as  a  rule,  is  narrow,  especially  so  near  its  middle,  hut  widens  somewhat 
as  we  approach  the  lower  extremity,  where  y'=».  Kevertbelesa,  the 
character  of  the  functionality  involved  within  the  given  range  of  possi- 
ble variation  api>ears  with  due  prominence.    It  is  unquestionably  linear. 

We  may,  therefore,  with  great  probability  I'l^mise  that  between  y" 
and  X  a  relation  of  the  form 

y'=m—nx  ' (1) 

exists.  If  we  make  this  equation  the  basis  of  a  calculation  in  which  the 
fnodam^ntal  constants  m  and  n  are  to  be  determioed  by  the  method  of 
ieaet  squares  we  arrive  at  the  values 

m=15.176  j(=0.4123 

by  solving  the  normal  equationa 


where 


P=mA'-nIi 


Q=mS-nC  ■ 


■A  =  2X<'  =     90 
B=^X   =2536.55 
C=2X^  =  773.21  ■ 
P=iyi    =  319.91 
Q=2Jf=GG12.1. 
(655) 


mzec^vGoOgle 


IRON-CARBURETS. 


SeiP  thermoeltctric  data. — Of  tbet>c  cotisIiiDts,  m  voiumands  ouly  sec- 
ondary interest,  in  eo  far  as  it  dcpendtj  on  tiie  metal  (silver  in  oor  case) 
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Fia.  11 — DUgiam  of  tli«  relation  between  tbe  thenDD-elFctrio  power  of  steel  In  diflbmt  itate*  of  temper,  aid 

it*  apeoiflc  mlMaiice. 

arbitrarily  chosen  to  fix  a  datum  or  point  of  departure  for  thermo-electrio 

measuremeutB.    Tbis,  however,  is  not  true  of  m—y',  a  qnahtity  wholly 
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independent  of  the  arbitrary  eletoent  ia  qnestion.  It  tberefore  appefus 
expedient  to  select  m—y'=k  as  a  new  tbeimo-electrio  variable,  ia  whioli 
case  (1)  redaces  to  the  simpler  form  h^tix.  The  uew  therino-electrio 
data  {h,  nx)  time  obtained  are  exclosivelj  dependent  on  qualities  in- 
herent iu  steel.  They  have  no  reference  to  metals  (silver)  forei};n  to 
tbe  present  purpose.  From  a  mathematical  standpoint  m  is  the  experi- 
mental constant  by  which  a  specially  selected  set  of  co^irdinates  is 
determined.  From  a  physical  standpoint  t»  would  represent  the  thermo- 
electric constant  of  a  couple,  one  member  of  which  is  silver,  the  other 
the  imaginary  steel  rod,  whose  specific  resistance,  supposed  diminishable 
indefinitely  in  accordance  with  the  above  law,  is  zero.  It  is  this  initial 
state  of  hardness  {h=o)  at  which  the  new  variable  h  originates. 

Thermo-electric  hardness  defined. — The  new  thermo-electrio  variable,  k, 
will,  thronghont  the  present  memoir,  be  designated  by  tbe  term  thermo- 
dectric  hardness.  Tbe  introdaction  of  this  quantity  was  suggested, to  as 
by  considerations  similar  to  those  which  led  to  the  conception  of  abso- 
lute temperature.  To  tbe  absolute  zero  of  temperature,  however,  Thom- 
son has  been  able  to  give  a  concrete  physical  interpretation ;  whereas 
the  zero  of  thermo-electric  hardness,  bo  far  as  the  resnlts  of  the  present 
chapter  go,  furnishes  no  more  than  a  point  of  departure,  at  once  con- 
veoient  and  free  from  arbitrary  assumptions.  It  is  hardly  necessary  to 
cite  as  a  second  example  the  hypothesis  defining  the  modalos  of  elas- 
ticity, for  Instance. 

The  following  is  a  brief  Nummary  of  the  advantages  immediately  de- 
rived from  the  introdaction  of  thermo-electric  hardness: 

1.  Hardness  in  the  case  of  steel  is  expressed  fur  the  soft  as  well  as 
for  the  hard  rod  in  significant  and  at  tbe  same  time  convenient  figures, 
which  increase  as  this  qoality  increases.  The  scale  is,  therefore,  adapted 
to  circnmatances.  , 

2.  A  change  of  signs  is  avoided,  the  current  invariably  flowing  from 
ttie  given  specimen  through  hot  to  the  oonnat.  In  other  words,  the 
normal  is  thermo-electrically  positive  to  tbe  whole  family  of  iron-earba- 
rets,  iron,  steel  and  cast  iron,  no  matter  what  be  their  mechanical  state. 

3.  The  results  are  independent  of  the  shiftings  of  thermo-electric  posi- 
tion common  to  all  metals,  due  to  small  amounts  of  imparity  or  differ- 
ence of  mechanical  stat«. 

4.  By  tbe  aid  of  tbe  coeflicients  discussed  in  chapter  I  and  for  tbe  sake 
of  concreteness  of  conception  only,  we  may  state  that,  theoretically,  tbe 
nwmal  condition  of  steel,  to  which  thermo-electric  hardness  refers,  would 
nearly  be  given  by  soil  steel  cooled  down  as  far  as  tbe  absolute  zero  of 
temperature.     (See  Chapter  III.) 

To&ular  comparisons. — A  complete  table  follows,  showing  tbe  differ- 
ences between  observed  (h=m—g')  and  oalcalated  (mc)  values  of  thermo- 
BtTLL.  14 5  (667) 
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electric  hardness.    As  has  been  stated,  the  results  are  deduced  by  the 
method  of  least  squares : 

Tablk"  34. — ComparitoN  ^Uuvalutto/tlieiKtnito-eltiilrieliardraiiMdiptdjiereMitiaaee, 
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"Theseaooddeoimkl  place  (&,  nx,  dlff.)  MrVea  (mly,  of  conne,  togivegteftteraeca- 
noy  to  the  finl  and  migbt  perhaps  have  been  advautageoiudf  sappnaaed. 

Distribution  o/ errors. — If  this  seriea  of  results  is  examined  critically, 
that  is  with  especial  reference  to  magnitude  and  location  of  the  errors, 
relatively  large  diBcrepancies  encountered  at  the  beginning  of  the  table, 
in  the  case  of  very  soft  rods,  are  conspicnons.  It  is  not,  therefore,  to 
be  considered  as  finally  decided  whether  the  relation  k=/(x)  may  not 
for  small  valnes  of  ic  be  other  than  linear ;  snch,  however,  aa  rapidly  to 
approximate  to  the  latter  form  of  function  as  x  increases.  The  other 
errors  in  general  are  as  liable  to  assume  positive  as  negative  vfdues; 
they  lie  within  soffloiently  narrow  limits,  and  do  not,  with  one  ezoep- 
tioD,  exhibit  any  characteristic  progress  for  consecutive  states.  In  the 
case  of  wires  annealed  in  methyl  alcohol  a  uniform  sncoession  of  errors 
is,  however,  apparent.    For  continually  decreasing  values  of  k  we  have: 


^1:;;; 

1 

-j 

J 

=1 

In  other  words,  with  oonthinally  augmenting  time  of  exposore,  the 
temperatore,  66°,  produces  an  annealing  effect  such  that  the  linear  re- 
lation between  thermo-electrio  hardness  and  specific  resistaDoe  is  not 
rigidly  maintained.    Here  we  have  unqnestiooably  the  evidenoea  <tf  a 
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stmctaral  phenomenon.  The  mfeience  J8  plansible  that  the  annealing 
influence  of  this  comparatively  low  temperature  is  largely  confined  to 
those  parts  of  the  rod  where  the  strain  is  most  intense.  This  is  prob- 
ably thecase  with  thesnperflciat  layers;  for,  accordinjctoFromme'a  datum 
the  density  of  these  has  been  increased  enormously.  Kow,  it  would 
seem  that  it  is  npon  the  sarfaoe  layers  of  a  rod  that  thermo-electric 
power  is  principally  dependent,  whereas  speciflo  resistance  varies  with 
the  mean  hardness  of  rod  taken  as  a  whole.  The  discrepancy  in  ques- 
tion is  repeated  with  snoh  aoifonnity  in  each  of  the  three  wires,  that  it 
is  obvions  we  have  in  hand  more  than  a  mere  error  of  observation. 
Furthermore,  the  similar  variation  which  occors  in  the  case  of  wires 
annealed  at  100°  shows  that  the  anomaly  ezieta  in  steel  itself,  and  is 
deserving  of  special  inqniry. 

fJtmsequeneet  of  an  elementary' law,  h=na. — A  more  detailed  analysis 
of  the  therm  o-eleotric  effects  of  strnctnre  does  not  substantiate  the  stated 
inference  that  the  thermo-electric  data  are  influenced  to  a  greater  extent 
by  the  conditiou  of  the  surface  layers  of  steel  than  the  resistance  data. 

Prom  the  vei7  general  evidence  obtained  in  Table  H  in  favor  of  the 
lav  h^n*,  we  are  jostifled  in  giving  it  fnodamental  or  eiemeotary  im- 
portance. In  other  words,  the  supposition  Is  warranted  that,  tot  each 
of  the  coaxial  neoessasly  homogeneous  elementary  shells  of  which  we 
may  suppose  the  rod  to  be  made  up,  the  reiation 

k=iu (1) 

applies.    Suppose,  now,  we  take  into  consideration  any  two  such  shells. 

Let  Si,»t,ki,ht,qi,q„\te  their  specific  resistances,  their  thermo-electric 
hardness,  and  their  right  sectious,  respectively. 

Let  ajt,  &u,  qii=9i+9i,  be  the  speciflo  resistance,  thermo-electric  hard- 
ness, and  rig^t  sections,  respectively,  of  a  single  shell,  which  is  capable 
f^vanicatly  and  thermo-electrically  to  replace  the  two  original  shells 
(they  are  actnally  combined  in  multiple  arc)  in  every  respect.    Then 


It  therefore  follows,  tn  view  of  equation  (1),  that 

9a 
and  in  the  same  way  generally 

A,,,,,     .      .     .     =- ^(«i)«l,l,3    .     .      .     =«i,.,i    .     . 

ftj»,a     ■     •     ■ 
That  is,  if  the  law  k=nt  be  true  for  the  elementary  (neceesarily  homo- 
(609)    , 
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geneons)  Iftyers  of  tbe  rod,  then  mast  it  be  true  also  for  the  rod  taken 
as  a  whole,  however  complicated  its  straotnre  may  be,  and  whatever  be 
the  difference  in  the  variation  of  the  density  of  eucceesive  layers  while 
annealing  is  in  progresa.  -  The  converse  of  this  does  not  follow  so  readily. 

The  superficial  layers  of  the  steel,  being  the  ones  directly  and  Immedi- 
ately operated  apon  in  sudden  cooling,  will  probably  be  the  ones  experi- 
enciug  greatest  intensity  of  strain.  It  may  be  plausibly  argaed,  there- 
fore, that  tbe  effect  of  incipient  annealing  is  confined  to  these,  or  at  least 
that  the  said  layers  expand  at  a  far  more  rapid  rate  than  the  rod  as  a 
whole  contracts.  The  law  h=ns  may  therefore  be  considered  to  apply 
with  good  approximation,  both  in  the  case  of  volame  expansion  and  of 
volume  contraction. 

We  may  accoant  for  the  progressive  errors  encoantered  in  the  case  of 
hard  wires  annealed  at  low  temperatures  (<100o}  from  two  points  of 
view :  Either  the  elementary  law  A=»8  is  not  rigidlg  true  throngbont 
the  pbenomeual  variation  of  density  which  the  individual  layers  experi- 
ence on  tempering  (probably  fvom  7  to  10);  in  other  words,  h=^f{a)  is 
no  longer  rigidly  linear  when  we  approach  the  enormons  condensatioa 
near  the  surface,  for  instance.  Or,  the  discrepancy  may  be  due  to  the 
fVicts  observed  by  Caron^  that  a  bard-steel  rod  during  the  anueaJing 
contracts  eeolotropioally ;  t.  «.,  not  in  like  ratio  both  in  the  direction  of 
its  longitudinal  and  its  radial  axes.  In  such  a  cose  the  law  A=n«,  con- 
ceded rigidly  to  hold  good  for  isotropic  strains,  need  no  longer  do  so 
in  the  case  in  hand.  This  discussion  will  be  advantageously  resumed, 
In  the  tight  gained  tram  further  relevant  data,  in  chapter  Itl.'^ 


SODKCK8    OF   EBEOR. 

The  difference  between  the  observed  and  the  calculated  resnlta  of 
thermo-electric  hardness,  as  exhibited  in  the  last  paragraph,  pertinently 
suggest  an  especial  inquiry  in  regard  to  how  far  they  are  referable  to 
errors  of  observation.  This  involves  an  examination  into  the  possible 
descrepancies  incident  to  the  various  methods  of  measurement  used. 

TKermoeUctrie measurement-^lS  we  commence  with  the  thermo-elec- 
brie  measarement  we  at  once  encounter  a  series  of  obvious  sources  of 
error  which  may  be  thus  classified  :  Variation  of  the  factor  of  reduction 
of  the  galvanometer,  to  be  referred  in  part  to  dnctuations  in  the  lnteii> 
sity  of  terrestrial  roagnetisiD,  in  part  to  the  immediate  influences  doe 
to  changes  of  atmospheric  temperature;  the  inconstancy  of  tbe  elec- 
tromotive force  of  the  Daniell  between  tbe  observations  made  for  the 
determinations  of  tiio  same ;  the  effect  of  extraneous  thermo-carrents  in 

"  Caron  :  Comptea  rendns,  LVI,  p.  211,  1863. 
»  Cbapter  III,  p.  S8. 

,     (660) 
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tbe  galvanic  coimecUons;  and,  finally,  tbe  diiBcalties  sarrooDding  ao 
accurate  measurement  of  the  temperatnroB  of  the  thermo-eleotrio  jauo- 
tions,  especially  when  they  are  high.  The  first  two  of  these  may  be 
Batia&ctorily  avoided'  by  fireqaent  repetitions  of  a  series  of  systematic 
and  corroborative  meaanrements.  The  devioea**  by  which  we  endeavored 
to  ^mlDftte  tbe  third  have  already  been  fally  described;  neTertbeless 
the  distortioD  dne  to  this  cause  is  not  thoronghly  eliminable,  and  its 
effect  will  be  most  apparent  in  the  case  of  small  valaes  of  thermo-electric 
force.  Steel  wires  lying  very  near  pare  silver  in  the  thermo-eleotrle 
scale  are  therefore  apt  to  be  seriously  inflaenced.  Conformably  here- 
with, the  colnmn  of  "differenoM"  in  the  foregoing  table  (34)  shows  large 
values  when  y'  is  approximately  zero.  Bat  there  is  another  reason  t<x 
these  relatively  large  discrepancies,  which  deserves  mention  as  being 
even  of  more  importance  than  the  one  jost  referred  to.  The  thermo- 
electromotive  foroe  is  expressed  by  the  aid  of  two  oonstante,  thos — 

«=a{r-()+6(r-(») 

whence  it  follows  that  the  aconraoy  of  the  constant  a,  resalting  Ccom 
the  calcalatioD,  is  conditioned  to  some  extent  by  the  aoonracy  of  by  for, 
althoagh  tbe  latter  is  nsoally  small  relatively  to  the  former,  it  enters 
ttie  equation 

«=[a+J(r+()](T-() 

as  a  co-efQcient  of  the  sam  of  the  temperatares  T  and  t.  Now,  an  acca- 
rate  measnrement  of  h  presopposes  a  large  range  of  variation  of  the 
difference  of  temperatures  T  saA.  t;  and  it  isjnst  here  that  ia  the  case  (^ 
glass-hard  rods  we  encounter  an  unavoidable  difficulty.  Large  values 
of  T  are  inadmisaible,  because  they  change  the  temper  of  the  exposed 
junction  of  the  rod.  It  is  equally  inexpedient  to  cool  t  below  zero.  At 
least  our  attempts  in  this  direction  served  only  to  convince  us  that  the 
errors  encountered  in  consequence  of  insafflcieut  constancy  of  t  more 
than  counterbalance  the  advantages  gained,  to  say  nothing  of  annoy- 
ances of  a  practical  kind.  An  inspection  of  some  of  the  earlier  tables 
will  show  that  wherever  the  value  of  a  is  larger  or  smaller  than  was 
with  good  reason  to  be  anticipated,  this  discrepancy  is  compensated  by 
a  similar  error  of  b.  Indeed  the  calculations  from  which  the  constants 
of  the  90  series  of  experiments  given  above  were  derived,  clearly  show 
that  a  number  of  observations  greater  than  four  for  each  valne  of  a  is 
indispensable  for  au  advantageous  application  of  tbe  method  of  least 
squares.  This  did  not  urgently  appeal  to  us  until  the  measnrements 
were  well  in  progress,  and  we  were  equally  nndesireus  both  of  changing 
the  routine  adopted  and  of  enconnteriug  additional  labor  in  the  cal- 
culations. Four  observations,  however,  will  not  suffice  where  an  ac- 
curacy of  a  wiUiin  one  per  cent,  is  demanded.    We  also  observed  that 

"Cf.  pp.  34-35. 
(661) 
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the  correlatiTe  values  of  a  and  b  wjBre  mftteriallj-  difiEerrat,  according 
as  the  eqnation 

y=asr  +  bxu 
or 

K=a  +  bv 

was  assamed  for  the  applfcatioa  of  the  method  of  least  sqoares. 

Beainttmce  ineaturemmt.^The  Talaes  for  speoiflo  resistanoe  are  liable 
to  two  Bonrcea  of  error.  The  first  of  these,  which  is  doe  to  variations  of 
temperatnre,  the  resoltB  contained  in  Chapter  1  hare  enabled  as  largely 
to  eliminate.  The  second  error  is  of  a  more  serions  kind,  and  embraoea 
the  difflcaltiee  encoantered  In  endeavoring  to  obtain  valnes  for  the  eeo- 
tions  of  (thin)  rods.  As  the  average  thickness  of  onr  wires  was  onl; 
sbont  O.OII  centimeter,  it  wonld  have  been  necessary  to  measure  the  mean 
diameter  to  ^nW  centimeter  in  order  to  arrive  at  a  mean  section  oor- 
reot  to  within  one  per  cent.  This  is  not  fe^ible,  except  with  extreme 
precautions,  either  by  the  use  of  microscopic  or  gravimetric  methods. 
In  the  case  of  thinner  wires  the  difficulty  is  proportionately  increased. 
Snch  errors  as  Me  doe  to  imperfections  of  contact  at  the  plaoes  of  inser- 
tion of  steel  wires,  etc.,  have  been  already  tonched  upon.'  They  were 
wholly  avoided  eventually  by  a  change  of  method. 

Other  errors. — In  addition  to  the  sources  of  errors  just  mentioned, 
such  as  are  more  intrinsically  connected  with  the  subject  discussed,  de- 
serve consideration.  It  has  been  stated  that  the  inference  is  warranted 
that  the  rods  used  were  not  quite  identical  as  regards  chemical  compo- 
sition, and  that  the  electrical  behavior  of  these,  thoagb  alike  in  kind, 
may  differ  in  degree. 


CONCLUDING   BEMABK8. 

A  brief  review  of  the  general  tenor  of  the  resolts  discussed  in  the 
above,  in  so  far  as  they  have  a  bearing  on  certain  important  conse- 
quences which  we  desire  now  to  toacb  upon,  will  be  in  place  here.  We 
purposely  avoid  all  remote  theoretical  speculations  and  confine  oorselves 
to  iuferences  immediately  deducible  fh>m  the  facts. 

Tempering. — The  physics  of  the  procras  of  tempering  have  tbas  far 
been  but  ttlightly  understood;  and  it  is  therefore  to  the  new  light 
which  the  present  chapter  throws  upon  the  essential  features  and  re- 
Ba\ta  of  this  operation  that  we  desire  first  to  advert.  Only  cursory 
attention'"  has  hitherto  been  given  to  the  phenomenal  difference  between 

»Cf.  pp.  37-38. 

"In  certain  theimo-eleotric  tueasureinents  incldentalty  mode  by  Joule  (Phil.  TntiM., 
1859, 1,  pp.  95-97).  The  reanlts  for  variation  of  specific  reaistance  of  all  earlier  ob- 
oerrera  (Housoon,  Chwolson)  are  eironeoDsly  small. 
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the  extremes  of  mechanical  state:  the  glaaahard  and  the  soft.  The 
largest  theiino- electric  interval  observed  in  the  present  work  is  10.17— 
(— 2.60)=12.S;  and  the  maxJoiuni  ratio  of  the  respective  v^uea  of  spe- 
cific resistance,  ^=3.0.  It  is  this  eaormons  range  of  variation  of  Hie 
electrical  properties,  together  with  the  facility  with  which  dbtolute  data 
dependent  merely  on  qualities  esseDtially  inherent  iu  steel  are  obtaina- 
ble,  that  would  seem  emphatically  to  recommend  the  scale  of  hardness 
here  introdnced  to  the  attention  of  physicistH.  Farthermore,  the 
method  of  annealing  adopted  euables  theobserver  to  carry  the  temper 
from  any  given  initial  state  to  any  desirable  flnal  state  within  the  range 
of  possible  variation  in  a  safe  and  eyatematic  way.  Of  the  two  fioctors 
which  condition  the  degree  of  hardness  reached — the  temperature  of 
the  annealing  bath  and  the  time  of  ezposore  of  the  hard  steel  rod — 
the  latter  if  snfficiently  prolonged  ia  particularly  effective  for  very  small 
valaes  of  the  former.  If  annealing  be  continned  through  inflnite  time, 
the  ultimate  states  (measured  as  thermo-electrio  barduess],  would  ap- 
pear to  decrease  continuously  as  the  temperature  increases,  though  there 
is  reason  to  predict  die  existence  of  a  minimum  between  400^  and  600°. 
We  had  commenced  a  special  investigation  of  this  functionality,  bnt 
the-  work  was  forcibly  inten-apted.  It  i»  still  to  be  noted  that  the  maxi- 
mum annealing  effect  of  a  temperature  ('  is  independent  of  the  possibly 
pre-existing  effects  of  a  temperature  t,  and  is  not  in  any  way  influenced 
by  subsequent  applications  of  the  latter,  provided  f'>t. 

Scheme  for  magnetic  and  other  aUied  reaearckes.—lbe  results  above 
detailed  open  np  a  large  field  for  further  research  in  directions  differing 
from  those  of  the  pre^ut  chapter.  Indeed,  wherever  wo  have  to  deal 
with  those  properties  which  depend  essentially  on  the  hardness  of  steel, 
the  experiments  discussed  in  the  above  formally  prescribe,  as  it  were,  a 
method  of  procedure  at  once  expedient  and  safe. 

From  a  physical  point  of  view,  steel  possesses  a  special  and  peculiar 
interest  in  virtue  of  its  pronounced  magnetic  properties.  The  impor- 
tance of  the  influence  of  hardness  on  the  iutensity  of  permanent  mag- 
netization has  long  been  kuown.  Bnt  the  confusion  aud  discord  auceiu 
the  results  of  all  observers  bear  witness  to  the  difKcalties  encountered, 
not  only  from  the  vagueness  which  attaches  to  the  term  steel,  bnt  prin- 
cipally out  of  the  want  of  a  method  by  which  identical  mechanical 
states  can  be  rigidly  defined.  As  a  consequence  the  data  of  many 
laborious  researches  do  not  readily  admit  of  direct  comparison,  and  are 
therefore  nearly  valueless.  Indeed,  we  may  add  that  even  in  the  case  of 
one  aud  the  same  type  of  steel  each  rod  must  be  regarded  as  an  indi- 
viduaL 

It  follows,  therefore,  that  a  plan  of  research  in  which  a  given  steel  rod 
is  carried,  by  annealing,  from  an  initial  hard  to  a  flual  soft  state,  through 
all  intermediate  states,  is  alone  adapted  to  the  class  of  experiments  un- 
der discussion.  And  here  again  the  peculiar  mechanical  condition 
(663) 
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wfalcli  we  h»re  aV>ove  charactoiized  as  the  limit  of  hardDesH  for  a  given 
temperatnre  of  the  nunealiag  bath  will  appear  Baliently  important. 
The  reasons  for  this  preference  are  obvious.  We  have  in  hand  tht 
highest  of  ;the  inferior  states  of  har<lneBS  permanently  anatfeoted  by  the 
given  oircnmstancea  of  exposnre;  the  maximam  of  jwntoiieMt  hardness, 
in  other  words.  We  are  Joatifled  in  ascnbiog  to  it  greater  uniformity  of 
temper  and  greater  deflniteness  of  iotemfd  structure  than  w  possessed 
by  8t«el  tempered  in  any  other  way  whatsoever.  Thus  it  will  be  possi- 
ble, independently  of  the  degree  of  carbnration  of  steel,  or  of  its  chemi- 
ioal  composition  in  general,  independently,  moreover,  of  the  geometrical 
flgnre  of  a  given  sample,  to  investigate  the  magnetic  variation  due  to  the 
the  change  of  a  ungle  variable  hardness  alone.  With  this  as  a  point 
of  departnie,  the  inqoiry  leads  to  the  effect  of  form  or  dimensions,  and 
nltimately  to  that  of  carbnration. 


ABDENDim:    ON  A   8IUPLE  METHOD  FOB  THE   GALVANIC  CALIBRA- 
TION OF  A  WIRE. 

The  methods  in  vogue  for  the  calibration  of  an  electrical  measuring 
wire,  one,  for  instance,  to  be  used  in  the  Wbeatstone-Kirchhoff  bridge, 
are  witbont  donbt  inconvenient  in  so  far  as  they  presuppose  a  set  of 
resistance  coils  of  known  simple  ratios.  In  other  words,  they  call  for 
the  preliminary  work  of  comparing  with  great  care  the  said  anxiliary 
coils.  The  accoracy  of  the  resalt  immediately  sought  is  tbas  dependent 
on  the  accuracy  of  the  earlier  measurement,  and  the  anticipative  cal- 
iber errors  of  the  wire  are  obscured  by  the  errors  possible  in  the  accepted 
ratios  of  the  coils  themselves — particularly  so  where,  as  is  generally 
the  case,  the  discrepancies  primarily  in  question  are  small.  In  view  of 
the  importance  of  the  very  accurate  and  conveniSDt  method  of  deter- 
mining resistances  by  means  of  the  stiding-contact  bridge,  the  endeavor 
to  overcome  the  obstacles  mentioned  as  completely  as  possible  is  there- 
fore at  once  justifiable.  A  method  moreover  which  can  accomplish  this 
will  be  all  the  more  acceptable  in  proportion  as  the  auxiliary  devices  to 
be  adopted  are  simple  and  readily  available.  We  believe  the  following 
plan  partakes  of  these  advantages. 

The  method  now  to  be  described,  and  which  we  have  profitably  em- 
ployed in  determining  the  sectional  errors  of  an  electrical  measuring 
wire,  is  a  complete  analogon  of  the  procedure  nsnally  employed  for  the 
calibration  of  thermometers.  The  immediate  principles  and  the  point 
of  departure  are  the  same  as  those  utilized  in  the  well-known  Matthies- 
sen-Hockin  method  of  resistance  measurement.  In  the  annexed  figure, 
in  which  the  ordinary  bridge  adjustment  is  diagrammatically  given,  let 
A  HfS  and  A  MB  be  the  two  branches  terminating  at  A  and  B,  where 
(664) 
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A  MB  is  the  wire  to  be  calibrated,  AN  B  a  series  of  resistaoces,  wboee 
sum  Id  any  given  case  remaina  coustaaL 
Sow,  if  Ml  and  JlTi,  M,  and  Nt  are,  respectively,  pairs  of  pointe  of  Uke 
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potenti^  and  if  the  resistance  of  ^i  Ni  be  Y,  and  the  length  of  the 
p&rt  if  I  Mt  be  x,  tben 

Y=Ox, 

where  C  is  a  constant  (sensitiveness)  dependent  only  on  the  snm  of  the 
refiistaaces  A  SB.  Indeed,  if  Wbe  this  sum,  and  L  the  total  lenf^th  of 
wire  A  MB,  then 

W=CL. 


where  n  is  an  integer. 

Suppose,*  now,  that  n  approximately  equal  resistances  ar&  either 
flpecially  constrnoted  or  at  the  observer's  disposal.  In  oar  caae  a 
nnmber  of  tenths  of  Siemens  mercury  nuit«,  which  had  been  made  for 
the  purpose  of  serving  as  normals  for  resistance  comparisons,  were 
available.  But  in  general  it  is  wholly  sufficient  to  select  a  german  sil- 
ver wire  of  appropriate  length  and  thickness,  to  cut  it  into  n  approxi- 
mately equiil  parts,  and  then  to  solder  the  ends  of  each  of  these  to 
terminals  of  thick  copper,  the  free  ends  of  which,  in  their  turn,  are  to  be 
amalgamated  so  that  mercnry  contacts  may  be  osed  at  Ni,  Ni...,Nt... 
throagbout.  Further  knowledge  of  the  resistance  ratio  of  these  aaxlll- 
ary  wires  is  quite  unnecessary. 

These  n  approximately  equal  resistances  I,  II,  III .  .  .  are  joined 
in  series  by  mercury  cups,  as  shown  in  the  diagram.  To  have  a  con- 
crete case,  let  »=5,  for  which  asaumption  the  figure  applies.  The  ex- 
treme points  A  and  B  of  the  measuring  wire  are  connected  by  pieces  of 
thick  copper  with  the  extreme  mercury  cups.  The  calibration  is  then 
effected  as  follows: 

One  of  the  prolonged  terminals  of  a  sensitive  galvanoscope  is  oon.' 
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nected  coDSecatiTely  with  the  points  Si,  St ;  and  by  meana  of  the  other 
termiDal  the  correepondiDj;  positions  of  the  eliding  contact  on  the  wire 
A  MB,  viz,  Ml,  Mi,  respectively,  determined. 

Then  /  and  II  are  ezchanged,  so  that  the  resistance  wire  I  now 
occnpi«8  the  former  position  of  II,  and  vice  verga;  and  while  one  of  the 
terminals  of  the  galvanoscope  is  connected  consecatively  with  the 
roercnry  cops  S^  and  S3,  the  other  enahles  as  to  determine  the  corre- 
sponding positions  of  the  sliding  contact  on  the  wire  A  MB,  viz,  Mi' 
and  M3,  respectively. 

After  t^is,  I  and  III  are  exchanged.  The  contacts  of  one  galvano- 
scope terminal  at  S3  and  St  fix  the  positions  of  the  sliding  contact  at 
M3'  and  Ml,  respectively.  And  bo  on  antil  J  has  passed  conBe0ntiTely 
from  its  original  first  position  to  the  final  portion  among  the  whole 
series  of  resistances  A  SB.  In  this  way  we  obtain  on  the  wire  A  MB 
the  nearly  consecutive  parts  Mi  Mt,  M»'  My,  M3'  Mt...of  like  resistance. 

Herewith  it  is  obvioos  that  this  method  of  galvanic  calibration  is 
strikingly  analogous  to  the  method  adopted  in  thermometer  calibra- 
tion.   In  the  latter  case  a  mercury  thread  of  a  given  constant  oon- 


to  place  in  the  tnbe,  and  its  length  for  each  of  these  positions  deter- 
mined in  terms  of  the  thermometer  scale — lengths  which  under  as- 
snmpti(m  of  a  constancy  of  caliber  wotUd  be  proportional  to  the  volome 
of  the  thread,  and  hence  identical.  In  the  former  electrical  measure- 
ment, a  wire  of  constant  resistance  is  moved  from  place  to  place,  and 
its  valne,  as  it  were,  determined  in  terms  of  lengths  of  the  measuring 
wire,  which  again  under  conditions  of  constant  sections  would  be  pro- 
portional to  the  said  moving  resistance,  and  therefore  identical.  In 
both  cases,  finally,  the  sectional  error  of  the  tube  or  wire  is  shown  by 
the  discrepancies  or  difierences  in  the  observed  lengths  of  mercury 
thread  or  wire-part,  reBpectively.  In  thermometry,  the  two  fixed  points, 
with  reference  to  which  the  calibration  is  completed,  are  the  freezing 
and  the  boiling  points  of  water.  On  the  bridge  the  corresponding 
points  coincide  with  the  extremities  A  and  S  of  the  wire. 

Let  Ai,  Oi,  dg, . . . .  be  the  eqnivalent  wire  parts  oS  AM  B,  determined 
by  direct  observation.  Then  will  the  mean  length  of  these,  which 
under  assumption  of  a  mean  section  of  the  calibrated  wire  corresponds 
to  the  calibration  resistance,  he 

ai+at+aa+     ....    a. 


it  is  practically  convenient  not  to  introduce  into  the  calcnlation  the 
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Thole  lengths  oi    .    .    .    Onv  bnt  merely  their  (poaitiTe  or  negatiTe) 
differences  from  a.    Therefore  let 

and  similarly 


=a+a. 


Then,  more  simplj',  there  follows 


and  therefore  for  the  table  of  calibration  of  the  Tire, 

from  Oto   a a— Si 

fh>in  a  to  2a a— St 

from  2a  to  39 o— <fa,  eto. 

Thereforo  by  snmmatioD : 

At    a,  correction  =  a-~Si 
At  2a,  correction  =:2a— if]— ifj 
At  3a,  correction  =3a—*j—iS»—iJ5,  etc. 
As  themain  feature  of  the  present  method,  we  desire  again  to  advert 
to  the  simple  means  by  which  the  calibration  is  effected.    The  only 
error  to  be  guarded  against  is  the  possibility  of  variation  of  tempera- 
ture daring  the  course  of  the  consecutive  adjustmente  of  the  calibra- 
tion resistance.    But  the  work  can  be  accomplished  rapidly — all  the 
more  as  the  approximate  positions  of  M  are  readily  predeterminable 
with  considerable  accuracy.    If  a  fairly  sensitive  galvanoscope  be  em- 
ployed the  errors  of  adjustment  are  of  the  same  order  as  the  errors  of 
observation.    In  case  of  our  special  bridge  2^  meters  long,  very  ordinary 
means  enabled  us  to  secure  an  accuracy  of  adjustment  within  0.1  milli- 
meter. 

By  means  of  the  principle  here  enunciated  any  of  the  other  methods 
of  thermometer-calibration  woald  be  equally  applicable.    The  conven- 
ient one  given,  however,  is  sufficient  for  all  practical  purposes. 
(667) 
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OHAPTBE    III. 

THS  NATUBB  OF  THS  PHBNOMBMON  OF  TBMPIEB  AS  OBHEBVZD  QC 
STEEIi  DISCUSSED  FBOU  AK  BI.SCTBICAX  BTANDFOIKT-PABTICn- 
X. ABLT  nr  BBFEBEHCE  TO  THE  ANAI^GOOUS  BBHATIOB  OF  UAIiJJtA- 
BI^  CA8T-IBON  AKS  OF  AXiX^TS  OF  SEXiVEB. 

IHTBODDCTiON. 

Qmeral  it^ferenoet  d«dveib1s/rom  tJie  catt^rims. — If  ve  al^traot  from 
grossly  impaie  material,  detaUs  and  alterior  oomplications,  the  differ- 
ent kinds  of  cast-iron  may  be  conveniently  classed  vith  reference  to 
tvo  well-known  types — the  gray  cast-iron  and  the  whit«  cast-iron — 
which  are  thoronghly  distinct  and  well  marked,  as  regards  botti  their 
chemical  and  their  metihanlcal  properties.  Reasons  for  this  classifica- 
tion, it  is  believed,  are  not  f^r  to  seek,  and  they  are  snch  as  depend  oo 
the  manner  in  which  the  carbon  contained  is  combined  with  the  iron. 
White  cast-iron  is  known  to  contain  carbon  in  the  chemicaJl;  oombined 
state  only,  tn  gray  cast-iron,  however,  the  nncombined  or  mechani- 
cally admixed  forms  of  carbon  are  present  in  moch  the  greater  propor- 
tion. Furthermore,  it  is  known  that  a  given  specimen  of  molten  iron 
may  be  changed  into  either  the  gray  or  the  white  type,  respectively,  ao- 
cording  as  the  cooling,  after  casting,  is  permitted  to  take  place  very 
gradually  or  very  rapidly."  In  this  respect  an  experiment  of  Karsten's^ 
is  pecnliarly  instrnctive.  Karsten  poured  molten  iron  into  a  thick  iron 
mold.  The  outer  layers  of  the  cold  mass,  which  in  this  way  hud  cooled 
at  a  comparatively  rapid  rate,  were  foand  to  contain  combined  carbon 
only.  In  the  inner  and  axial  layers,  however,  where  cooling  took  place 
gradnally,  only  about  one-sixth  of  the  total  carbon  occurred  in  the  com- 
bined form.^  Suppose  we  compare  the  process  of  fast  and  slow  cooling 
in  the  case  of  cast  iron,  with  sadden  chilling  and  very  gradual  cooling 
in  case  of  steel,  respectively ;  suppose,  ftirthermore,  we  contrast  the 
very  high  degree  of  hardness  jrassessed  both  by  white  cast  iron  and 
chilled  steel  with  the  readiness  with  which  gray  oast-iron  and  slowly 

"The  remorkB  bere  made  pieaent  the  facta  ouder  consideration  only  in  a  brief  and 
inttoductor;  waj.  Forfull  and  exhaustive  diBoiusiODa  the  reader  ia  referred  to  Percy- 
Wedding,  ElaeDhUttoDkoDde,  6d,  II  of  the  Oerman  Percy,  pp.  130-186,  Brannschweig, 
1664.    Cf.  pattioularty  critical  remaTke,  pp.  165-167. 

"KBistCD:  EisenhUttenkimde,  Bd.  I,  3  Anfl.,  1841,  p.  581  ff. 

"The  reenlts  of  Earsten'i  analyaiB  are  theae : 

Before  meltlDg  (iron  homogenona) :  C  oombined,  0.8  per  cent.;  C  anoombined,  3.8 
per  cent. 

After  melting  (onter  layeni>!  C  combined,  S.l  per  cent.;  C  nnconbined,  0.0  per 
MDt.    Inner  layers:  C  combined,  0.6  per  cent. ;  C  anoombined,  3.2  per  cent. 
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cooled  or  thoroughly  annealed  Bteel yield  even  to  an  ordlaary  file;  then 
the  iuference  is  apparently  unavoidable  that  the  hardness  which  may 
be  imparted  to  steel  by  a  process  of  tempering  is  to  be  ret'errod  to  the 
transfer  of  carbon  from  the  nncombined  to  the  combined  state.** 

Data  corroborgiing  thia  analogy. — If,  however,  what  may  be  called  the 
chemical  method  of  accounting  for  the  hardness  in  steel  were  alone  de- 
pendent on  analogies  of  the  kind  just  sketched,  we  would  not  be  in- 
clined to  accept  it  immediately  and  with  fiill  confidence.  In  glass-hard 
steel  we  encounter  strains  of  a  peculiar  character,  and  of  enormous  in- 
tensity. It  is  apon  soch  observatjons  that  a  purely  physical  explana- 
tion of  the  hardness  in  question  might  be  based — au  explanation  much 
better  adapted  for  the  prediction  of  certain  physical  phenomena  to  be 
mentioned  below  than  the  chemical  view  ander  consideration.  At  the 
very  outset  we  come  npon  difflcnlties.  Snppose,  for  instance,  we 
attempt  to  draw  further  inferences  from  Karsteu's  experiment.  We 
find  that  the  glass-hard  external  layers  of  his  cylinder,  consisting 
whoUy  of  wbite  cast  iron,  possess  the  specific  gravity  7.66,  whereas  the 
specific  gravity  of  the  gray  naclens'  was  only  7.18.  The  effect  of  sudden 
chilling  in  case  of  steel,*'  however,  is  a  very  marked  diminution  of  density 
of  the  rod,  as  a  whole.  Even  if  we  pursue  our  inference  further,  and 
endeavor  to  compare  the  external  and  internal  layers  of  a  glass-hard 
steel  rod  with  the  corresponding  parts  of  Karsten's  chilled  iron  cyl- 
inder, respectively,  we  fail  to  arrive  at  satisfactory  results ;  for  tbe 
density  of  the  external  layer  of  a  steel  bar  (about  10)  is  inoomiitensa- 
rately  large  when  compared  with  the  above  datum  for  white  cast  iron. 
The  chemical  explanation,  however,  at  once  becomes  of  iuconteatible 
importance  when  it  is  found  that  in  addition  to  the  given  analogies 
we  have  in  band  a  number  of  data  which  go  to  prove  that  carbon  exists 
differently,  as  regards  its  mode  of  occurrence,  in  hard  and  in  soft  steel. 
The  data  are  derived  ^m  the  chemical  behavior  of  soft  and  hard  steel 
toward  acids.  In  this  place  the  extensive  experiments  of  Caron**  need 
alone  be  mentioned.  The  results  of  this  observer  with  steel  in  the  com- 
mercial, the  hammered,  and  tbe  glass-hard  states,  respectively,  furnish 
striking  evidence  of  tbe  fact  that  the  mode  of  occurrence  of  carbon  in 

•>C£  EuBten:  Eusten  n.  v.  Deohen's  Archiv.,  XXV,  p. 223, 1853.  Cf.,  alao,  p.  103 
of  tbe  present  paper. 

*'KftKten:  op.  oit.,Bd.  I,  p.  193-4,  experimentB  of  HanamannuidKarBten.  Cf.  »l8t> 
ibid.,  p.  184,  B.  Fors  table  for  Snediah  Bessemer  ateel,  see  "Steel, ita  hiatory,  etc.," 
J,  S.  Jeana,  See.  Br.  Iron  and  Steel  lost.,  London,  Hpon,  1880;  Cf.  ibid.,  p.  612-GlS. 
On  tbe  mean  apeoific  gravity  of  iroD-oarbareta,  cf.  Karsten,  op.  cit.,  p.  183, 

"Caron:  Comptes  rend.,  LVI,  p.  43,  1963.  The  residues  fn  the  cases  referred  t«, 
viz.,  1.G3  per  oent.,  1.S4  pet  cent.,  0.94  percent.,  were  found  to  contain  0.83  per  cent., 
0.S6  per  cent.,  0.00  per  cent,  of  carbon,  reapeotirel;.  The  following  remark  of 
Caraa'a  moreoTer,  is  of  especial  importance  here :  "Ainsi  de  I'acier  tremp^  ayant  6i6 
Z«eait  pendant  nn  temps  Tarlant  entre  qnelqnes  henrea  et  plnsiera  Joars  a  donnd 
»prba  diaaolntion  dee  qnantit^  de  carbon  libre  qni  ont  angmenti  en  memo  tempa 
-qne  la  dni<e  et  rinleDeitfi  dee  chanffes."  pp.  45-46. 
(669) 
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soft  steel  is  thoroughly  different  from  the  chemical  cooditioD  of  this 
element  in  hard  steel.  lu  so  for,  then,  ae  it  is  necessary  to  associate  vitfa 
this  difference  of  chemical  state  of  the  carbon  in  steel  some  correspond- 
ing difference  in  the  mechanical  properties  of  this  material,  the  validity 
of  the  chemical  explanation  of  tempering  may  foe  said  to  have  received 
its  first  important  vindication. 

Seaulta  at  variance  tcith  chemical  hypotkeiet. — Of  late  many  facts  have 
been  adduced  by  various  observers  and  in  different  ways  against  the 
hypothesis  that  the  union  of  carbon  and  iron  is  ever  of  a  tborongbly 
chemical  character.  Singularly  clear  in  this  respect  are  the  vievs  of 
Matthiessen,*'  who  supposes  that  iron-carburets  are  to  be  regarded  either 
aa  Boltdifled  solutions  of  carbon  in  iron,  or  as  solutions  coutaiuing  carbon 
mechanically  admixed.  To  these  new  opinions  Mattbiessen  is  led  by 
a  study  of  the  electrical  conductivity  of  these  materials.  With  this 
general  hypothesis  the  results  of  the  calorimetric  researches  of  Trooet 
and  Hautefeuille"  are  in  strict  accordance.  These  observers  find  that 
not  only  carbon  but  silicon  show  such  thermo-ohemical  relations  toward 
iron  as  call  for  a  classification  of  iron-carburets  with  the  category  of 
solutions.  Forquignon,*^  finally,  who  has  lately  been  occupied  with  simi- 
lar researches,  gives  to  this  view  bis  nngnalifled  assent. 

Ulterior  ooneequenceg  of  tke  ohemictU  thwry  in  cam  of  ateeL — In  connec- 
tion with  our  researches  oo  the  hardness  of  steel  a  careful  consideration 
of  the  suUJect  in  hand  appeared  necessary.  Our  attention  was  not,  how- 
ever, attracted  to  the  questions  jnst  developed,  viz.,  whether  a  chem- 
ical ot  mechanical  explanation  for  the  mode  of  ocenrrence  of  carbon  in 
steel  is  more  in  coincidence  with  facts.  The  sofaject-matter  of  impor- 
tance to  us  is  sketched  in  all  its  essential  points  in  the  earlier  sections. 
It  is  oar  endeavor  to  investigate  whether  a  given  change  in  the  state  of 
hardness  of  a  steel  rod  is  to  be  ascribed  to  a  corresponding  change  in 
the  mode  of  occurrenoe  of  the  carbon  in  this  material,  or  whether  the 
presence  of  carbon  imparts  to  iron  certain  distinct  and  unique  properties 
("steeF)  in  such  a  way  that  the  whole  series  of  the  phenomena  observed 
in  tempered  steel  are  to  be  regarded  as  purely  mechanical  iu  their  char- 
acter. It  may  be  observed  that  the  first  manner  of  explanation  does  not 
necessarily  confiict  with  the  second.  Both  chemical  and  meohaoieal 
ph^omena  may  coexist  But  it  is  best  in  this  place  to  hold  tlie  two 
hypotheses  strictly  apart.  This  is  readily  possible,  because  the  different 
states  of  hardness  obtainable  from  a  glass-hard  steel  rod  by  annealing 
are  all  reached,  practically,  when  the  temperature  of  the  annealing  bath 
is  still  below  350°,  a  temperature  insufliciently  high  tbr  the  conversion 
of  DDCombined  into  combined  carbon. 

«  MattbiesBen :  Rep.  Br.  Assoc.  Adv.  8c.,  1866,  p.  15. 
''TioaBtftiid  HantefeniUe:  Ann.decb.et  de  ph78.(5),IX,  tS76,p.70. 
*•  Forquignon :  Ann.  de  oh.  et  de  ph je.  (6),  XXIII,  1881,  pp.  531-636. 
(670) 
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Suppose  now  that  we  abstract  from  physical  eonsiderationa  altogether 
for  the  duie  being,  and  endeavor  to  obtain  ttom  the  older  and  more 
thoroughly  investigated  chemicel  hypotheBis  an  explanation  for  the  de- 
tails of  the  phenomeDa  of  annealing  discassed  in  an  earlier  chapter.** 
If  sadden  chilling  is  accompanied  by  cfaeinical  combination  of  the  car- 
bon in  steel,  then  mnst  the  operation  of  aoDealiog,  which  reverses  the 
effects  of  the  former,  enable  ns  to  reconvert  combined  carbon  into  its 
original  ancombiued  state."  But  we  have  shown  that  for  each  temper- 
atare  of  exposure  dnriog  the  annealing  of  a  glass-hard  rod  there  ex- 
ists a  distinct  degree  of  hardness,  oEteris  parUmt,  characteristic  of 
the  temperatuTe  in  question  alone.  It  follows,  therefore,  that  to  each 
temperatnre  of  the  annealing  bath  there  mnst  correapond  a  certain 
fixed  ratio  of  combined  to  ancombined  carbon,  the  time  of  exposure 
being  indefinite.  From  the  known  behavior  of  steel  id  different  states 
of  temper,  moreover,  combined  cartran,  must  be  looked  npon  as  electri- 
cally active,  ancombined  carbon  as  electrically  nentral.  Thas  we  have 
it  in  our  power,  with  the  aid  of  the  simple  process  of  sudden  chiUing 
combined  with  subsequent  annealing,  in  so  far  as  in  this  way,  withiQ 
certain  limits,  any  given  amount  of  an  electrically  active  ingredient 
ma;  be  converted  into  an  electrically  passive  form,  to  reach  the  same 
resoltB  which,  in  the  case  of  alloys,  for  instance,  are  obtainable  only  by 
melting  the  two  component  metals  together  in  a  ratio  which  may  be 
called  for.  We  said  "within  certain  limits":  the  soperior  limit  here 
meant,  is  the  total  amoant  of  carbon  present  in  the  given  type  of  (nor- 
mal) steel ;  the  inferior  limit,  the  small  amount  of  combined  carbon 
which  even  after  most  prolonged  and  gradnal  cooling  cannot  be  made 
to  appear  in  the  nncombined  state.  With  this  chemical  interpretation, 
finally,  the  remarkable  linear  relation  between  the  thermo-electric  con- 
stant and  the  specific  resistance  of  steel  passing  continnously  from  the 
glass-hard  to  the  soft  state  wonld  at  once  appear  to  possess  broader 
BigniScance  than  that  of  being  a  special  pecnliarity  of  steel. 

These  are  the  reflections  which  indnced  os  to  undertake  the  present 
investigation.  We  were  in  hopes,  moreover,  that  the  resolts  would 
prove  of  such  a  character  as  to  enable  us  to  derive  inferences  ^m  them 
on  the  chemical  nature  of  steel.  At  all  eveuts,  the  sobjeot,  considered 
from  the  standpoint  of  its  own  merits,  is  not  undeserving  of  detailed 
attention.  The  number  of  data  in  hand  on  the  relation  in  question  is 
sJmost  insignificant 

«>8tnral>&l  n.  B*nu :  Wied.  Aon.,  XI,  p.  962, 963,  1680.    Chapter  U,  pp.  43  et  aeq. 

"Coron:  ].  c,  pp.  45,46.  Uofortaoktel;  we  have  Dot  been  able  to  flud  auy  data 
relatlTo  to  the  effect  of  ordinary  annealing  (ezpomme  Mow  400°)  on  tha  mode  of 
oocnneDce  of  carbon  In  steel. 
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EXPEEIMBNTS   WITH  ALLOTS. 

Earlier  re»ult*  inadeguate. — The  literature  on  the  electrical  conduc- 
tivity of  alloys  is  very  TolamiDons,  bnt  the  exhaustive  researches  (rf 
Matthiessen*'  contain  all  the  essential  data.  At  least,  little  has  heen 
developed  that  has  a  bearing  on  the  present  paper  since  the  date  of 
Matthiessen's  main  TeBeareh.**  From  the  tables  and  graphical  constrac- 
tions  there  given,  the  condaotivity  of  a  large  namber  of  alloys  can  be 
at  once  dedaced  when  the  proportion  in  which  the  ingredients  of  the 
alloy  are  mixed  is  known.  Similar  remarks  by  no  means,  however,  ap> 
ply  to  onr  knowledge  of  the  thermo-eleotric  properties  of  alloys.  Quali- 
tative results  are  not  lacking.  Available  quantitative  data  are,  how- 
ever, very  rare."  Pairs  of  values  of  both  the  electrical  conductivity 
and  the  thermo-electric  power  of  alloys  are  only  to  be  fonnd  in  isolated 
examples,  if  at  &l\.  At  least  we  were  not  able  to  obtain  other  data 
than  a  few  measurements  incidentally  made  by  Snndell." 

Matthiessen's  nnmerons  results  made  a  special  determination  of  data 
on  the  relation  between  percentage  composition  and  either  of  the  elec- 
trical constants  superflnous.  Such  measurements  presuppose  chemical 
analysis,  which  could  not  have  been  made  without  unduly  sacrificing 
tlie  greater  part  of  our  wires  and  material.  By  weighing  oot  the  io- 
gredients,  and  careful  fnsion,  we  were  able  to  obtain  from  Matthiessen's 
tables  a  satisfactory  corroboration  of  our  results. 

MateruU,fiition,  preparation,  etc. — The  general  plan  adopted  in  our 
reseaichea  with  alloys  was  such  as  would  correspond  to  a  progressive 
increase  in  the  state  of  hardness  of  steel  from  the  soft  or  thoroughly 
annealed  to  the  glass-hard  condition,  premising  the  views  discussed  in 
the  last  seotion.  We  commenced  with  pore  silver,  to  which  more  and 
more  of  a  second  metal  was  successively  added,  until  finally  mechanical 
difhcnities  were  encountered  snch  as  prevented  a  drawing  of  the  alloy  to 
wire.  In  case  of  silver-gold  alloys,  a  complete  series,  commencing  with 
Bilver  and  ending  with  gold,  were  obtaiuuble.  The  alloys  examined  are 
those  of  silver  with  gold,  platinum,  copper,  and  zinc.  Silver  and  gold 
were  obtained  pure  firom  the  mint  at  Frankfort;  platinum,  fi^m  the 
shops  of  Heraens  in  Hanau.  The  copper  was  deposited  electrolytically 
fixtm  a  copper-snlphate  solution.  In  making  the  alloys  we  proceeded 
thus :  A  weighed  amoant  of  silver  having  been  well  faaed  on  a  bone- 
ash  cupel  by  the  aid  of  a  blast-lamp,  the  proper  quantity  of  the  second 
metal  was  added  to  it.    Solution  is  usually  immediate.    Having  mixed 

«  Hattbiessen ;  Fogg.  Ann.,  CX,  pp.  190-821,  1860. 

•MattbiesseDandHalzmauu:  Pogg.  Ann.,  CX.pp.  333-S34,  1860;  Rep.  Br.  Amoo. 
Adv.  So.,  1863,  p.  37. 

•°We  ma?,  perbapa,  mention  Jonle:  Phil.  Trana.,  1B&9, 1,  p.  96  (Bi,  8b);  evnddl: 
Fogg.  Ann.,  CXLIX,  1873  (BlfSb,  6n). 

"SnnAell:  Hid.,  pp.  154-170. 
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the  two  component  metals  as  thoroagbly  as  possible  by  chasing  the 
globule  over  the  sarface  of  the  cupel,  the  flame,  was  withdrawn  and  a 
glass  bell-jar  filled  with  hydrogen  (the  gaa  being  contiDually  resnpplied 
tbrongh  an  apertnre  in  the  neck  of  the  jar),  quickly  placed  over  it. 
Ozydation,  as  well  as  absorption  of  oxygen  by  the  melted  globule,  was 
thus  avoided,  the  button  cooling  in  an  atmosphere  of  hydrogen.  Only 
iu  the  case  of  silver-copper  alloys  is  this  simple  process  to  be  regtutled 
insnfficieut  for  the  attainment  of  very  accorate  results.**  But  the  dis- 
crepuncies  thus  Introduced  iutoour  work,  and  which  are  due  to  absorp- 
tion of  osygeu  by  copper,  are  quite  iusignificant.  Of  this  fact  a 
comparisoEL  of  Uattbieesen  and  HolzmanD's  data  with  our  own  has  fully 
convinced  us.  On  the  other  hand,  the  variation  of  thermo-electric 
power  and  conductivity  of  allocs  of  silver  and  copper  takes  place  within 
limits  so  nearly  coincident  that  the  general  character  of  the  diagram 
which  we  will  endeavor  to  construct  below  is  in  nowise  distorted. 

The  buttons"  were  hammered  and  drawn  down  to  wires  of  appropriate 
diameter.  These  were  then  annealed  at  high  red  beat  in  a  current  of 
hydrogen  by  the  aid  of  a  dynamo-electric  njacbine.  We  were  able  to 
regulate  the  intensity  of  current,  and  with  it  the  glow,  by  introducing 
into  the  circuit  a  solution  of  copper-sulphate,  in  which  the  copper  elec- 
trodes were  kept  at  suitable  distances  apart.  Accidental  fusion  of  the 
hot  wires  was  thus  not  to  be  apprehended.  After  this  annealing  tbey 
appeared  soft  and  flexible.  Only  the  middle  parts  of  the  wires,  over 
the  whole  length  of  which  tbe  glow  had  been  uuifonu,  and  which,  for 
other  reasons,  were  apt  to  be  homogeneoas,  were  reserved  for  the 
measorements. 

Method  of  thermoeiectrie  metuurement. — ReaulU. — The  methods  of 
measurement  of  thermo-electric  power  and  specific  resistance  are 
identical  with  those  employed  in  our  earlier  researches.^  The  former 
is  throughout  referred  to  pure  silver  as  a  datum,  t. «.,  denotes  the  power 
of  a  thermoelement,  one  part  of  which  is  always  silver;  the  other,  how- 
ever, the  given  alloy.  Junctions  were  carefully  soldered.  The  compo- 
sition of  all  alloys  is.given  in  volume  per  cents,  tbe  data  expressing  the 
Tolnme  of  the  metAl  alloyed  to  silver  in  100  volnmes  of  alloy.  It  has 
been  stated  that  these  numbers  are  only  approximate,  sifice  during 
fusion  the  two  metals  will  hardly  have  been  volatilized  in  like  ratios. 

With  these  remarks  tbe  following  tables  (35-39)  will  be  readily  in- 
telligible. Tbe  thermoelectric  constants  a  and  b  are  calculated  on  the 
basis  of  Avenarius"*  formula,  e=a  iT—t)+b  (?*—(*),  from  six  corre- 

"Cf.  MtktthieMeu a.  Holzmann:  I.  c,  pp.  29-2-334. 

**It  woald  have  been  desiTable  to  ope»t«  with  larger  qiMotiticsof  metal,  bnt  tb«0e 
w«re  Dot  at  our  dispoHol. 

"  See  Chapter  II,  p.  31  «l  teg. 

■■ATsnarius:  Pof;g.  Add.,  CXLIX,  p.  374, 1873.  «  is  tlie  electio-motive  force  for  the 
temperaturee  Tabd  (  of  the  jnnotiont  of  the  given  tbermo-elemeiit  wboee  oonstantB  aie 
a  and  i. 

„ («'3) 
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spoDding  values  off,  T,  t,  for  each  alloy,  liytlie  raetliod  of  least  squares. 
TUe  measurements  were  originally  made  in  Weber-SiemeDs'  units,  and 
then  reduced  to  caireot  values  by  tlie  relation  ohm=l,06  Siemens. 


Table  35, — I^enHO-tlectrie poKtr  of  ailogs. 
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Table  se.— Ttenno-ekctrUi  power  of  aJIorfi. 
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Table  37.—nerm<ht!ettritp<nttrofalhy*. 
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Tablx  38.— Tt«rH»^Iwlrtcpomr<if  nllayf. 
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Table  39.~ThtrnK>^lectTie  pover  of  aUoy: 


Altoj. 
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Specific  resistance. — The  following  table  coDtains  our  data  for  the  spe- 
cific resistance  of  the  same  alloys  to  whi&h  the  foregoiDg  tables  (35-39) 
refer.  The  flrst  two  oolnmns  need  no  explanation.  Colamti  third  con- 
tains the  resistance  in  ohms  per  meter  of  wue  at  the  temperature  in 
column  fourth.  Under  2p  the  diameter  and  ander  t,  the  specific  resist- 
ance in  miero-ohms  at  the  temperature  t  is  given.  The  constant  a, 
finally,  whose  signification  is  apparent  from  s,^s  (1+at),  enables  us  to 
oalcnlate  a,  the  specific  resistance  at  zero  centigrade,  in  micro-ohms. 

It  is  to  be  remarked  that  all  the  measurements  were  originally  made 
in  SiemeoE^  units  (ohm=1.06  Siemens),  and  subsequently  reduced.  The 
temperatnre-ooefficientfl  used,  a,  are  obtained  from  the  results  of  Mattbi- 
essen,  G.  Vogt,  and  v.  Bose,'"  by  oalcolatiag  with  the  aid  of  their  formuls, 
«,  for  100°  and  0°,  and  then  finding  the  mean  coefacient  (a)  between 
these  limits.    This  is  obviously  permissible  in  oar  case. 

Tablb  iO.—EUntHoal  rttifUinee  of  alloyi. 


AHajlmtt). 

?i 

w.„ 

^ 

«^r 

• 

o«" 

S 

w 

Ml 
B* 
7S 
«0 
108 

•J 

TS 

A  ,£i 

OMIO 

0.1031, 
O.MBG 

aotso 

o;oM7 

0.ttST 
0.tS3> 

o.otx 
o.osaT 

0.0837 

0.04BS 
0.0496 

0.04M 

Is 

&0600 

1.6SB 
).6H 
4.07 

la. 

8.CM 

.t!S 

10.700 

11 

3.  IK 
1.844 
l.«8» 

V& 

2.3K 

tS! 

0.00818 
o!  00808 

0,00180 

IS 

0.0007 
0.0034 

o.ooa 

0.001> 

Si 

„,,,.. 

oasw 

1.0603 
O.gUM 
2.«B7 

15-0 

M 

IM 

0.1187 

0.2370 
0.17M 

0.3 

S ::;:::;:-::::;:;:;::::::;:: 

MHatthieaMaa.  v.  Bom;  Fogg.  Ann.,  Cni,  p.  412,  1668. 
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The  following  table  (41)  contains  resalts  of  Mattliieesen  and  others; 
a  and  6  here  are  Matthiessen's  conatantB  for  his  relation  between  elec- 
trical conductivity  and  tempeiatore.  By  means  of  these  A  and  A',  the 
electrical  conductivity  at  0°  and  100°,  respectively,  were  calculated. 
Bat,  according  to  Matthiessen,  A=100  for  hard  silver;  A=1.656  for 
mercmy,  (0°).    Hence 


100    1.6 


log  ».=2.19375-log  X^ 


From  theae  values  of  $t  the  constant  a  was  then  obtained,  in  the  way 
already  given,  «t=«  (l+«0' 

Tablb  tt.Speajlo  re$ltUniee  of  aUogt  of  »Uttr. 
[BMnlUof  UattbisMMi  (and  C.  Vogt).] 


"^     ■   iSl  ^°^t  i| 


laC*^  0*° 


B9SST      a.M)(WK>8 


Digest.   Diagram. — ^For  the  sake  of  perspicnity,  the  final  resolts  are 
tabulated  again  as  follows. 

Table  43. — Corretponiing  caI«M  of  tkt  galumie  and  thtrmo^odrio  oontlanU. 
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J.m 

(-0. 114) 

•Afipltn  for  cbanteallT  pnie  in«f«I».    Tbeaevilnea  Id 
iMim^lrl-ly  derlTed  from  DbiBrvUloDi. 
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Tablk  42. — CarretpoHdUig  rolnw  of  the  tkcrmo-electrio  axd  jTalvanlc  contlanli — CoDl'd. 
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Alloy. 
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■^\ 

(iri*^ 

'(ri.M 

,u^\ 

«l 

«! 

~1" 

I.4«  1 

.«l 

The  resalts  contained  in  the  last  table  (42)  are  given  graphically  in 
figure  13,  specific  resiataoce  being  represented  as  abscissa,  thermo-elec- 


Tta.  U.— Sptdilo  raditmoa  and  tharmo-dcotrlo 


trie  constant  as  ordinate.    In  order  to  flacilitate  oomparison  the  lineiir 
relatiOQ  which  holds  for  steel  (see  chapter  II,  page  63)  is  also  drawn, 
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and  the  interral  of  vatiation^of  the  constants  iu  qaestion  iudieated  by 
two  small  circles  near  tbe  ends  of  the  line.  All  the  constants  are  given 
iu  microboia  and  micro- volts,  respectively,  and  the  thermo-electric  posi- 
tion is  referred  to  silver. 

Siseuttion. — A  mere  glance  at  the  corves  tells  us  that  the  relations 
under  consideration  are  by  no  means  of  a  simple  character.  Both  prop- 
erties, as  exemplified  by  the  thermo-electric  constant  and  specific  resist- 
ance pass  through  maxima  or  minima,  in  each  a  way,  however,  that  the 
said  singnlar  points  do  not  coincide — i.  e.,  are  not  properties  of  one  and 
the  same  wire  as  regards  composition.  Equally  difBcalt  is  it  to  obser\'e 
any  perspicnoos  law  for  the  direction  of  the  line  joining  the  extreme 
points  (those  correflponding  to  pure  metals)  of  the  carves.  The  very 
simple  relations  which  obtain  iu  case  of  steel  would  apparently  lead  to 
the  anticipation  of  some  reaalt  of  this  kind. 

The  given  curves,  however,  apply  only  for  fixe<l  conditions  of  tem- 
perature; the  galvanic  constant  s  ouly  for  the'  temperature  t=0;  the 
thermo-electric  constant  a  for  the  mean  temperature  i(T-4-t)=0.  Bat 
the  temperatnre-coefflcieut,  both  for  thermo-electric  power"  as  well  as 
for  spedflc  resistance,  varies  iu  a  marked  degree  as  we  pass  from  alloy  to 
^loy.  Hence  it  follows  that  for  each  temperature  there  exists  a  set  of 
curves  of  the  kind  iu  question,  characteristic  of  the  said  temperature. 
Change  of  temperature,  therefore,  involves  a  change  in  the  curves  both 
in  flgore  and  iu  position.  It  follows  herefrom  that  a  certain  temperature 
must  exist  for  which  the  figure  of  the  curves  is  the  simplCRt  possible; 
our  knowledge  of  the  efi'ects  of  temperature  is,  however,  a»  yet  iusuffi- 
ciently  accurate  to  enable  us  to  adduce  further  inferences.  It  is  to  be 
noticed  that,  at  least  as  far  as  the  above  experimental  matter  is  cod- 
cemed,  the  magnitude  of  the  given  curves — i.  e.,  the  range  of  variation 
of  the  involved  electrical  constants — is  qualitatively  in  the  order  of  the 
differences  of  the  specific  volumes  of  the  metallic  components  of  the 
respective  alloys.  The  very  large  loop,  obtained  in  the  experiments 
with  ailver-platinum  alloys,  corresponds  to  the  marked  increase  of 
hardness  which  these  materials  experience  with  increasing  additions  of 
platinum  to  silver.  On  the  other  hand,  in  the  case  of  silver-goUl  and 
silver-copper  alloys,  a  very  great  diftference  in  the  extent  of  the  loop  is 
apparent,  onaccompanied  by  corresponding  ditfereuces  in  the  degrees  of 
hardness^  of  the  respective  alloys.  That  the  bulge  in  the  different 
curves  must  be  wholly  to  the  right  of  the  lines  joining  the  extreme 

*'  la  later  resesrcties  tbe  enperior  limit  wfta  fooDd  to  be  area  above  50. 

'^In  rdereuce  to  thermo  eUotric  power  we  nooaider  the  qnantity  2b  in  tlie  equation 
e=aT+hTtS  as  a  Iciod  of  teinpenitnT«  coeffloient,  since  tlte  thermo-electromotivu  force 
e  for  a  given  diffarenoe  r,  of  tompentaro,  iucreases  liuearly  with  ^,  the  mean  tem- 

peratare  of  tbe  Jonctions. 

MWe  shall  God  below  that  bordnesa  may  also  e]dHt  in  irou^carbuFeUwitbont  a  marked 
elBotrical  eqnivaient. 
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points  ia  koowD.    Finally  it  may  be  called  to  mind  that  the  direction  of 

the  initial  taDgeutatthopoiat"eilver"f  -^  -\         tbronghont  the  above 

results  is  □e^tive.'"  The  thermo-electric  effect  of  tbe  addition  of  small 
amoants  of  other  metals  to  silver  iroald  therefore  appear  to  be  a  pro- 
gression in  a  thermo-electrically  negstlve  directioD."  Tbe  nomber  of 
alloys  here  examined  is  too  small  to  permit  na  to  attach  mach  aignifi- 
oance  to  this  fact.  Severtbeless  it  follovs  that  the  thermo-electric  rela- 
tion of  any  given  metal  to  another  does  not,  so  far  as  can  now  be  seen, 
enable  ns  to  predict  the  effect  produced  when  tbe  first  metal  is  aUoyed 
to  the  second.  Gold  and  platinam,  for  instance,  ate  both  positive  as 
regards  silver;  tbe  initial  alloys  silver-gold,  silver-platinum,  however, 
are  negative  as  regards  silver. 


THE    OENEBAL    PHENOMENON    OF    TEUPES    REOIBDED    FBOH   THE 
CHEMICAL  AND   FBUM  THE  MECHANICAL  STANDPOINT. 

Jn/erenceg/rom  tJiebfkavior  of  alloys. — We  non*  desire  to  consider  the 
bearing  of  the  above  results  on  the  elecFrical  properties  of  steel.  From 
the  standpoint  of  the  chemical  theory  of  tempering,  it  ia  permissible  to 
regard  the  linear  locns,  thermo-electric  power  varying  with  resistance, 
as  tbe  initial  tangent  of  a  loop  of  comparatively  enormous  magnitude. 
(See  figure  13.)  Tbeincrement  of  resistance  with  increasing  hardness, 
or,  in  other  words,  with  an  increase  of  the  ratio  of  combined  to  nncom- 
blued  carbon,  is  to  be  considered  anatogoas  to  the  increase  of  resistance 
encountered  on  alloying  small  amounts  of  any  metal  to  any  given  other 
metal.  The  linear  relation  can  hardly  be  regarded  striking,  since  in  tbe 
case  of  steel  tbe  maximum  amount  of  available  carbon  does  not  exceed 
one  to  two  per  cent.  Finally,  the  magnitude  of  the  variation  or  the  extent 
of  tbe  loop  might  again  have  been  anticipated,  from  tbe  fact  that  here  a 
metalloid  is  alloyed  to  a  metal.  The  question,  therefore,  at  once  suggests 
itself,  in  how  far  these  resnlts  are  corroborated  by  the  electrical  behavior 
of  cast-iron.  In  another  paper  we  will  show  that  the  specific  resistance 
of  cast-iron,  when  in  a  condition  corresponding  to  that  of  hard  stcol, 
t.  i.,  when  by  means  of  sudden  cooling  as  much  carbon  has  been  con- 
verted into  the  combined  form  as  possible,  may  be  increased  to  100^,0° 
microhm.    That  is,  the  specific  resistance  of  chilled  cast-iron  is  nearly  as 

">The  isolated  negative  volae  for  the  two  per  cent,  copper  alloy  might  be  regarded 
flTupicionaly  in  coiueqnence  of  the  difBcolties  enconatered  ia  endeavoring  to  obtain 
thwe  Alloys  free  of  oxygen.     But  its  specific  realstance  shows  so  anomalone  b«hHvior.   . 

*<  Thermo-electricallj  negative  in  Seebecb's  sense.  Cf.  Wiedemann,  Galvaaiarane, 
3  ed.,  p.  348,  ISSI. 
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large  as  that  of  mercary.  Suppose,  now,  we  compare  the  variatiou  of 
specific  resistauce^Buperior  limit  B=5()^^(Piuicrobni^  iD  the  case  of 
steel,  where  theamAontof  oombined  oarbon  caDoot  exceed  1  to  2i>er  cent, 
with  the  corresponding  variatioD  of  specific  resistance  (  saperior  limit 

100^0°  microhm  )  in  the  case  of  cast-iron,  wliere  the  combined  car- 

bon  can  be  increased  as  higb  as  6  per  cent.;  then  it  apparently  follows 
at  once  that  the  electrical  behavior  of  cast-iron  is  sach  as  we  would  be 
justified  in  predicting  fh>m  the  known  relationB  in  case  of  steel,  if  we 
accept  the  <^emical  hypothesis  of  tempering.^  Hence  neither  the  sim- 
ple relation  of  thermo-electric  power  and  specific  resistance  discovered 
for  steel,  nor  the  phenomenal  variation  of  these  constants  with  the  state 
of  hardness  of  this  material,  are  farther  to  be  looked  upon  as  remarks* 
ble.    We  will  return  to  this  subject  again,  below. 

It  follows  from  what  has  been  said,  that  our  hope  of  being  able  to 
throw  additional  light  on  tlie  nature  of  the  pbenomenon  of  temper  in 
case  of  steel  from  a  detailed  study  of  the  analogous  electrical  behavior 
of  alloys  was  not  realized.  For  although  on  the  one  hand  the  new  data 
furnish  no  results  antagonistic  to  tlie  chemical  theory,  on  the  other  they 
leave  ns  without  satisfactx>ry  or  additional  reasons  for  accepting  the 
same.  Under  tbesecircumatauces  it  is  ueccMsary  to  contrast  the  theories 
which  may  bo  advanced  for  the  explanation  of  temper  with  full  regard 
to  all  known  facts.  This  we  will  endeavor  tjo  do  in  the  following,  par- 
ticolarly  so  as  the  discnssion  will  show  where  good  work  has  been  done 
done  and  where  crucial  data  are  still  lacking,^ 

Electrical  rtsittatice  a  volume  function. — Tlie  discussion  may  be  appro- 
priately commenced  with  the  examination  of  certain  mechanical  phe- 
HODicDa  wliich  accompany  hardness  in  steel.  It  is  known  that  tlie  eflect 
of  temt)ering  to  glass-hardness  is  an  increase  both  of  the  specific  resist- 
ance and  tbe  specific  volume  of  steel.  This,  however,  is  analogous  to 
the  effect  of  teinj[)erature  in  the  case  of  metals  generally.  The  qaoation 
is  therefore  at  once  snggestcil,  in  bow  far  a  given  increment  of  volume 
in  the  case  uf  steel,  whether  prodnced  by  temperature  or  by  tempering 
will  be  accompanied  by  the  same  increment  of  specific  resistance.    We 


"Cfc,  however,  p.  l«8. 

**  Id  this  p]mc«  it  will  be  well  to  r«fer  tn  certain  menioii%  which  have  a  definite  bear- 
inf  OD  the  Bubjeot-niatter  in  bsnil.  In  addition  to  E»nt«n,  HauamanD  (Molecolarbo- 
w«ffiuiKeD,  ie&6,  p.  48),  Tnaner  (Leob.  Jabrbnch,  x,  p.  tOO,  IWl),  Jnllieo  (B(iUet.d0 
III  8oe.  de  I'iDdiutrle  min^rale,  I,  p.  566;  II,  p.  'iOS,  644),  Hezncr  (Berg-  a.  HUtteotn. 
Ztg.,  1S62,  p.  140),  Deville  (Diogler's  Joanna,  clxviii,  p.  174),  Cnrou  (ibid.,  p.  .16) 
Ii»Te  developed  theories  on  tbe  cftiues  of  bardneM  in  steel.  For  a  discuesion  tbe 
rsAdor  la  referred  to  Kerl's  MetallDrt'y,  lFt70,  Vol.  Ill,  pp.  '25-7,  tranislateU  b;  Ciookea 
ftnd  Bubrig.  It  is  not  oar  object  to  enter  into  a  critical  examination  and  comparison 
of  theeti,  OS  me  propose  simply  to  consider  tbe  inferences  which  ma;  be  drawn  from 
tbe  electrical  bebnvior  of  iron-carbtmta. 

(881) 
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were  fortuDate  ia  findiag  a  Bafflcieot  nnmber  of  data  in  the  literature 
of  steel  to  enable  ns  to  make  a  prelimtnai7  calcalaCion  or  estimate. 

Let  Vj  and  V]  denote  tbeapeoifloTolume  of  steel  in  the  glasB-Iiardaudsoft 
states  respectively.    Then  the  raenlts  of  Fromme**  with  steel  rods  whose 
diameters  (0.27  ceudmeter  and  less)  are  uearest  those  of  our  own  (0.10 
centimeter  and  less)  may  be  thus  espressed:" 
l*'!^    f.    1012 

iooo-^t-r  luott ^  ' 

Suppose  we  put  rt=v  (l+3/J(),  where  p=V2:W,  meaning  thereby  that 
the  volume-increment  Vj—f  is  due  to  an  inci-easeof  temi>erature  f.  Then 
we  flud 

360o>(>3300 (2) 

Since  fi  will  probably  increase  with  temperature,  this  inequality  might 
approximately  be  expressed  t=300°. 

Experiments  on  the  resistance  cfTect  of  high  temperatarea  were  orig- 
inally made  by  Uiiller.^  By  the  aid  of  his  data  for  the  resistance  of 
iron  at  21°,  285°,  "oxide-tints  appear"  (300oto  350°),  we  deduce,  if  s*  and 
I  be  the  specific  resistances  of  steel  at  300°  and  0°,  respectively, 

3.6>?^>2.5 (3) 

where  the  superior  limit  is  possibly  too  small.  The  more  recent  results 
of  Benoit,"  however,  furnish  us  more  accurate  values.  Let  —  refer  to 
an  interval  of  temperature  between  0°— 330°  and  0°— 360°.  Then 
Beuoit's  special  formulce  and  constants  for  steel  give  us  the  relation : 

3.7>1'>3.4 (4) 

If,  finally,  »'  and  8  denote  the  specific  resistance  of  good  steel  in  the 
glass-hard  and  soft  states,  respectively,  then  our  results  have  shown" 
3.0>!^>2.5 (B) 

If  we  compare  the  estimates  expressed  in  the  inequalities  (3),  (4),  (5), 
it  becomes  at  once  apparent  that  the  results  of  Fromme,  togetlier  with 
those  of  Miiller  aod  Benoit,  are  more  than  sufBcient  for  the  explanation 
of  the  enormous  increase  of  resiatance  which  a  steel  rod  tempered  to 
glass-hardness,  experiences.  It  follows  that  in  the  case  of  steel,  a 
given  increment  of  specific  volume,  whether  produced  by  temperatore 

••Fromme:  Wied,  Ann.,  VIII,  p.  364, 1870. 

"The««  inequkUtiM  are  Dot  geaerat  in  th«ir  Njtntfi cation.  Their  parpase  is  merely 
tiutt  of  espregaing  the  «steQt  of  the  iotervat  withlu  wbioh  the  cited  data  were  obaerved. 
to  lie. 

"MUllei:  Fogg.  Aud.,  CIII,  p.  ITC,  1658.  It  is  hardly  n«ceMar;  to  dtBtiDgntBh  lie- 
tween  iron  and  eteel  here. 

« Benoit;  Compteereud,,  LXXVl,  p.  342,  1873;  cf.  Carl's  Rep.,  IS,  pp.  K>-9,  1873. 

Thepredomioout  influence  of  carbon  Dutba  ratio—  Trill  be  referred  l«  elaewhere. 
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or  by  temperiiig,  ia  accompanied  by  increments  of  apecifio  resistance  of 
the  same  order.  Of  coarse,  a  resnlt  of  this  kind,  since  tbe  rod  remains 
homogeneODS  throagbont  in  one  case  aod  is  sabjected  to  extremely  com- 
plicated stractontl  modification  in  tbe  other,  cannot  be  rigidly  trae. 
NevertheleBS,  the  approximate  data  are  of  the  greatest  importance, 
because  they  demonstrate  conolosively  that  the  effects  of  the  operation 
of  tempering,  even  if  regarded  as  of  a  purely  mechanical  character, 
must  be  attended  by  electrical  phenomena  of  the  same  order  as  those 
which  are  actoally  observed. 

(2)  There  is  another  question  intimately  connected  with  the  one  just 
discussed,  viz,  whether  a  giren  decrement  of  volume,"*  produced  either 
by  pressure  alone  or  by  temperature  alone,  is  always  attended  by  the 
same  diminution  of  resistance  for  the  same  substance  (toetal);  or 
whether  it  is  necessary  to  postulate  tbe  esiatence  of  a  purely  thermal 
influence  in  tbe  second  case.  Cbwolaon,^  who  has  subjected  wires  of 
copper,  brass,  and  lead  to  pressure,  infers  that  the  resistance  and  the 
specific  volume  of  these  substances  vary  in  like  ratio. 

In  Chwolson's  experiments  the  effects  due  to  pressure  are  so  nearly 
commensarate  with  the  errors  possibly  introduced  by  temperature  that 
we  are  JQstified  in  approaching  bis  results  with  some  diffidence.  Marked 
compression  is  not  readily  attainable  by  piezometric  methods.  With 
steel,  however,  the  result,  which  more  than  verities  Chwolsou's  infer- 
ence OQ  the  resistance-effect  of  volume-reduction,  may  be  thus  illus- 
trated. 

Let  t,=So  (!-+'>')•  Bpeciflc  resistance  («,)  is  here  regarded  as  a  tem- 
perature {t)  function.  Then,  if  t  be  supposed  to  decrease  indefinitely, 
the  equation  8,=0  would  be  satisfied  at  about 

*=-280o (C) 

provided,  of  course,  the  given  relation  holds.^' 

On  the  other  hand,  let 

..>.,(l+i!cS) (7, 

where  the  specific  resistances  «i  and  «i  correspond,  respectively,  to  the 
volumes  v^  and  v,y  and  ft  is  a  constant.  Specific  resistance  is  here  re- 
garded as  a  volume-fanction. 

■*In  the  case  of  mereaiy,  for  uutance.  The  results  for  Mllds  would  b*distort«db:r 
the  loM  of  atraolural  bomogeneitf  of  the  compreaaed  iolid  reaalting  Ih>m  external 
preunre.  LargeiDcrement  of  volume  iBprobablyanly  obtkiunble  by  temperlDg  steel, 
and  to  this  ealBtgement  of  mean  apecifio  volume  the  remarks  already  made  appl?. 

loChwolson,  Carl's  Hep.,  XIV,  36,  37,  1ST8. 

viThe  temperature  coelBcieal  here  aoeepted  ia  the  one  fonnd  for  soft  eteel  in  chapter 
I,  p.  19,  viz,  a=O.0O4. 

(683) 
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In  order  to  estimate  the  valne  of  it,  we  made  a  few  pretiminary  ex< 
perimeats,  tlie  resolt«  of  which  aie  cootained  in  tbii  table:  ™ 

\^m.^.  •~^.^^  ass  irSSi.  ,ass;  • 


It  will  be  observed  that,  Id  the  calcQlatioa  of  ft,  both  — — -'  and  ^ — * 
were  taken  at  20<^,  becanse  we  as  yet  possess  no  data  for  the  reduction 
.of  the  former  ratio  to  zero.  E^qaation  (7)  ibplies,  of  coarse,  that  the 
same  temperature  (desirably  0^  C.)  occurs  throughout. 

Suppose,  BOW,  that  by  aiiy  mechanical  means  whatever  the  volume  of 
steel  baa  been  isothermally  so  far  decreased  that  in  equation  (7),  s,=0. 
Then 


(S) 


Such  a  volume  decrement,  if  the  result  of  diminution  of  tempera- 
ture, would  correspond  to  a  cooling  of  steel  as  far  as  [f,=ro  {1+3  fit)]. 


3/3 
L  e.,  if  the  volume  decrements  in  (S)  and  (0)  be  identical, 


Sp    ft' 


-190°  (nearly) 


(10) 


From  a  comparison  of  equations  (6)  and  (10),  we  therefore  again  infer 
that  variation  of  resistance  is  a  necessary  concomitant  of  variation  of 
volume.  No  matter  how  the  latter  may  have  been  produced,  whether 
by  temperature  or  by  tempering,  the  increraenta  of  resistance  dne  to  a 
given  increment  of  volume  are  of  the  same  order.  It  is  probable  that 
this  relation  will  apply  to  the  resistance  of  non-electrolyzed  solids  gen- 
erally. The  results  for  steel  are  as  nearly  coincident  as  the  excessively 
large  soaroes  of  errors  unavoidably  encountered  permit  ns  to  EUitici- 
pate.  In  addition  to  those  already  ennmerated,  we  need  only  mention 
that  Fromme  worked  with  a  different  kind  of  steel  from  that  used  in 
our  researches;  that  neither  the  coefficient  of  heat-expansion  nor  the 
galvanic  temperature  coefficient  applies  accurately  for  the  large  inter- 
vals of  temperature  met  with,  &e.  A  si)€cial  error  is  introduced  in 
conseqnence  of  the  difficulty  encountered  in  endeavoring  to  de&ne 
values  for  the  soft  state. 

"  Rods  not  tborongbly  bomogeneona,  tempered  after  heating  in  a  blast-flamo. 
(68*)  , 
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(3)  TheresaltsofFromme^aQdCbwotsoD  finally  coDtsm  a  remarkable 
analogy,  to  which  attentioa  has  not  yet  been  given.  If  the  haidQeBS  of 
a  glass-bard  steel  rod  be  sapposed  to  decrease  contiQnousty,  then  the 
specific  Tolnme  will  be  fonnd  to  pass  tiiroaG^  a  minlmaiD,  as  Fromme 
has  emphasized,  at  a  state  of  hardness  corresponding  to  the  annealing 
tint,  "  gray"  (annealed  at  300o-50(P).  Ohwolson  experimented  on  a 
very  large  number  of  metals  and  alloys.  He  found  that  the  eleotrieal 
effect  of  "drawn "hardneu  as  well  as  the  hardness  due  to  sudden  chill- 
ing Tanishes  on  exposure  of  the  hard  wire  to  high  temperature,  in  such 
a  way  that  after  the  first  gentle  ignition  at  low  red  heat  the  specific  re- 
sistance of  all  metals  passes  throngh  a  minimum.^*  Unfortunately 
Fromme  has  not  interpolated  a  temperature  which  would  produce  an 
effect  between  "  gray  annealed  "  and  "  soft."  Nevertheless  it  is  dilBcnlt 
to  avoid  the  condosion  that  in  all  these  esamples  of  minima  we  encoun- 
ter phenomena  essentially  of  the  same  kind.  Ohwolson  remorka  that  in ' 
case  of  steel  hie  results  were  singularly  striking.  It  would  appear, 
therefore,  that  the  met^anical  effect  (electrically  measared)  of  saddeo 
cooling  is  the  same  for  almost  all  metals;  that  the  magnitude  of  this' 
effect  differs  from  metal  to  metal,  and  is  enormouslj'  pronounced  in  steel. 
This  is  the  flntt  evidence  adduced  that  the  given  operation,  tempering, 
produces  qualitatively  like  effects  on  metals  generally,  the  difference 
being  in  degree  only.''* . 

(4)  In  view  of  the  increasing  importance  of  density  or  of  the  values  of 
speeiflc  volume  In  all  these  instances,  the  fact  that  in  the  above  experi- 
ments with  alloys  the  ranges  of  variation  were  found  to  be  in  the  order 
of  the  diffBrences  of  specific  volume  of  the  metals  composing  the  alloy 
may  again  be  ealled  to  mind.  In  case  of  steel  the  intimate  relationship 
between  specific  resistance  and  thermo-electric  power,  described  else- 
where, suggests  that  the  cause  of  the  increase  of  volume  consequent 
upon  sudden  cooling  is  of  a  purely  mechaDioal  character,  i.  e,,  that  it  is 
not  the  direct  result  of  the  change  of  chemical  condition  of  steel  which 
tempering  probably  produces. 

"Drawm"  hardnest, — Matthiessen'^  found  that  a  hard-drawn  wire  of 
silver  could  be  v^  perceptibly  annealed  (conductively  decreased)  by 
continued  boiling  in  water.    We  obtained  a  good  corroboration  of  this 

"Fromme,  1.  o. 

"Lead  and  Q«RiiaD  nItot  an  exc«plionB. 

"It  maBtbeborDeinmiiid'tbat  thU  remark  refers  to  the  electnoal  Indication  of  the 
(mecluinioal)  effect  of  tempering.  It  is  irell  known  that  while  sudden  oliillingliardeiia 
■teel.  It  ia  said  actnalty  t«  soften  some  of  the  other  metals.  It  is,  however,  exceed- 
inglj  difficult  to  distiQifnish  between  the  degrees  of  hardness  of  brass  oi  copper  sud- 
den); chilled  or  slowly  oooledfrom  red  heat,  by  ordinary  meohonical  means;  aad,more- 
orer,  midden  oooling  may  be  ocoompauied  by  purely  chemical  effect  in  alloys  and 
(not  chemityUIy  pQre)metaIsasit  isin  oaaeof  steeL 

"Hatthieasen,  nod  v.,  Boee:  Fogg.  Ann.,  CXV,  p.  363,  366,  370,  etc.,  11)62. 
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resalt  vith  dravn  GermaD-ailver  wire,^  in  which,  after  an  ezposnre  to 
Bteam  at  100°  of  only  an  honr,  a  change  of  leaiatance  of  about  0.25  per 
cent,  was  perceptible.  It  follows,  therefore,  that  Dot  only  tempered  bat 
drawn  wires  may  be  annealed  to  a  very  marked  degree  at  comparatiTely 
low  temperature. 

Inferences  from  the  behavior  of  iron-earImr«t». — (1)  In  chapter  Iwe  saw 
that  the  temperataie-coefflcient  of  cast-iron  is  in  good  accordance  with 
the  coefflcienta  of  wrought  iron  and  of  Bteel  in  different  states  of  tem- 
per, BO  that  in  this  respect  all  the  iron-carborets  fonn  a  single  oouneoted 
series. 

(2)  This  is  by  do  means  the  case  if  we  compare  tiie  relative  g^ 
vsaic  and  thermo-electric  behavior  of  these  prodaots.  From  an  inspec- 
tion of  flgare  13  it  is  at  once  obrions  that  the  position  of  cast-iron  is 
isolated  relatively  to  the  linear  locus  which  obtains  far  steel.  This  ob- 
servation shows  condasively  that  in  the  case'of  steel  the  cause  of  the 
electrical  variation  in  qnestton  must  be  essentially  different  from  that 
which  determines  the  poeitioa  of  cast-iron.  Below  it  is  shown  to  be 
necessary  to  explain  the  distinctive  eleotrioal  qnalitJes  of  cast-iron  as 
effects  of  chemical  compoaitioo.  Hence  we  infer  with  some  assuraitce 
,  that  the  electrical  behavior  of  steel  on  passing  ftom  one  state  of  tem- 
per to  another,  since  the  succession  of  values  jn  no  way  suggests  the 
electrical  qualities  of  cast-iron,  is  conditioned  by  the  ootemporaneooa 
and  purely  mechanical  changes  which  steid  undergoes. 

Phenomena  qf  annealing  okemically  interpreted. — On  endeavoring  to  nse 
the  chemical  hypothesis  of  tempering  to  aooonut  for  the  phenomena  of 
annealing,^  we  at  once  encounter  serious  diflScultieB.  On  Uie  basis  of 
this  theory  there  must  exist  a  fixed  ratio  of  oombioed  to  nnoombined 
carbon  for  each  temperature  of  the  annealing  bath.  Moreover,  for 
a  given  temperature  tbia  ratio  must  be  approaobed  gradually  (asymp- 
totically) as  time  of  exposure  is  prolonged  indefinitely;  for  diffisrent 
temperatures  it  mnst  decrease  as  temperatare  increases  indefinitely, 
until  finally  a  minimum  valae  wholly  Independent  of  temperatare  ia 
asymptotically  reached.^  The  minimum  of  the  ratio  of  combined  to 
nncombined  carbon  need  not,  of  course,  be  zero.  The  last  phase  of  this 
species  of  decomposition  is  in  many  respects  similar  to  the  phenomena 
of  dissociation.  The  resemblance  can,  however,  only  be  apparent,  since 
continuous  dissodation  has  not  been  observed  except  in  the  case  of 
gases.    At  least,  in  our  knowledge,  there  are  no  chemical  examples  in 

"Th«  resnlU  are  thete;  Before  Loiling:  12°.4,  r=6.8522;  12°.5,  t^=6.8523;  120.6, 
r=«.8524.  Dnring  bolUng:  99°.8,  r=7,0I67,  r=7,0I8a,  r=7,02CM;  reriBtanoe  (r)  idmb- 
mod  snccesBiTely.    After  boiliog:  13''.5,  r=6.e691;  13°.6,  1-^=6.869*;  I3o.T  r=e.9696. 

"Stronbal  and  Baras:  Wied.  Ann.,  XI,  p.  963, 1B80. 

"In  theaeowesof  unealing  alow  ooolicgor  th«  anaealed  rod  after  exposa re  to  the 
annealing  temperature  la  alwa^  presapposed.  It  is  tliaH  that  aunealing'at  red  heat 
iBBynoDymooawithBoftening  ("AoaglVhen'O'  This  operation  doee  not,  bowovor,  con- 
vert all  the  carbon  in  tteel  to  the  nnoombined  form,  in  whtoh  caae  the  aald  mtiu  would 
beeero. 
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which  solids  are  fonod  to  dissociate  ia  accordance  with  the  lavs  to  which 
gases,  ID  virtne  of  tbeir  pfaysical  state,  must  conform ;  and  for  this  reason 
thfl  ezpIanntirHi  of  the  pbcDomena  of  aunealing  given  by  the  chemical 
theory  is  remote  and  finrced,  and  to  be  discarded.  We  gain  no  more  by 
adopting  Matthiessen's  hypothesis,  which  considers  all  iron-carbnrets 
08  solidified,  more  or  less  thoroagh  Holntioas  of  carbon  in  iron. 

Annealittff  pAyaioally  interpreted. — It  is  not  difflcnlC,  however,  to  find 
for  the  phenomena  of  annealing  a  satisAustory  explanation  of  a  pnrely 
mecbaoioal  character.  We  proceed  io  a  manner  analogous  to  the  way 
in  which,  in  the  case  of  soft  rods  of  the  same  dimensiODs,  what  is  known 
&s  coercive  foree**  in  magnetism  ts  sometimes  defined.  To  this  analogy 
we  will  recnr  again. 

(1)  It  will  be  permissible  in  this  plaoe  to  introdnce  a  definition  of  vis- 
cosity which  ia  conveniently  adapted  to  onr  present  pnrposes.  We  will 
sappoae  the  viscosity  of  steel  to  be  measnred  by  the  maximnm  of  strain 
of  a  given  kind  (in  the  present  reee«roh  the  strain  accompanying  bard- 
Dess)  which  a  steel  rod  of  given  dimensions,  after  previons  condition  of 
sapersatnratioD,  of  itself,  permanently  retains.  The  process  of  temper- 
iog  to  glass-hardness,  therefore,  is  essentially  one  by  which  energy  is 
stored  up,  whereas  during  the  operation  of  annealing  the  stored  energy 
is  ag^n  more  or  less  gradnatly  expended ;  and  the  maximum  energy 
permaoently  potentialized,  under  given  circumstances  of  temperature 
(the  same  rod  always  presupposed),  increases  directly  with  the  maxiniam 
intensity  of  permanent  strain  nnder  the  same  circnmstanoes.  Practi- 
cally, however,  we  possess  no  means  for  the  absolute  evaluation  of  either 
of  these  qaaotides.  Bnt  in  so  fiir  as  both  thermo-electric  hardness  and 
speciflc  resistance  (the  rod  being  in  the  state  of  the  maximum  of  perma- 
nent hardness  as  regards  the  given  temperature)  vary  directly  with 
strain  and  stored  energy,  we  may  acoept  either  of  the  former  quantities 
as  fhmisbing  a  good  general  estimate  of  the  magnitude  of  the  latter. 
In  the  case  of  one  and  the  same  steel  wire  viscosity  is  an  inverse  func- 
tioD  of  temperature  and  of  temperature  only.  J  u  the  case  of  wires  which 
differ  quantitatively  tbongh  not  qualitatively  as  regards  carburation, 
and  are  otherwise  identical,  viscosity  is  a  fancti<H)  both  of  temperature 
and  carbnradon  (carbnration  <  2  per  cent),  decreasing  with  the  former 
and  increasing  with  the  tatter  magnitude. 

(2)  The  difference  between  the  phenomena  of  annealing  and  the  phe- 
nomena of  visoosity,  as  ordinarily  studied  and  observed,  is  succinctly 
this,  that  in  the  latter  case  stress  or  a  single  force  is  applied  iVom  with- 
out to  prodaoe  the  gradual  and  permanent  deformation  through  infinite 
time;  in  the  former,  however,  stress  exists  in  the  rod  itself  (strain  of 
hardness),  bnt  can  be  made  to  disappear  in  the  asymptotic  way  charac- 
teristic of  these  phenomena  by  decreasing  the  viscosity  of  the  rod  as  a 
whole;  t.e.,  increasing  its  temperature.    In  other  words,  in  the  ordinary 


■Cf.,  for  inatance,  Uohhoii  :  Pbynk,  a  ed.,  Vol.  Ill,  p.  88, 
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case  of  viscosity-meafiaremenC  the  pbenomenoD  is  evoked  by  sudden 
application  of  stress  (torsion,  tension,  flexnre,  rolnme-compression)  at 
coustaot  viscosity ;  in  tbe  present  case  by  sudden  decrement  of  viscosity 
at  initially  constant  stress.  For  instance,  given  a  elass-hard  rod  at 
onlinary  temperatures.  Let  its  temiverature  be  raised  to  100°.  The 
stress  which  was  jnst  permanently  maintaioed  at  tbe  lower  temperature 
is  iu  excess  at  the  higher,  because  of  the  diminished  viscosity  of  the 
rod,  as  a  whole;  and  this  excess  most  therefore  disappear  {^^uaUy 
through  infinite  time,  precisely  as  we  have  observed  it.  If,  farthermore, 
tbe  diminution  of  viscosity  be  sudden  and  very  large  (annealing  at  high 
temperatures  200°,  300°,  &c.),  stress  will  disappear  at  a  correepondingly 
rapid  rate ;  etc. 

In  this  way  we  are  able,  as  a  first  approximation,  to  refer  thepheoomena 
ofannealiug  to  thegeoeral  category  of  phenomena  of  viscosity.  Bat  for 
the  resRon  of  the  deformation  accompanying  the  existence  of  intt-mal 
stress,  for  the  reason  that  the  degree  of  heterogeneity  of  a  hard  rod 
varies  to  a  greater  or  less  extent  with  each  variation  of  stress  as  well 
as  temperature,  it  is  difficult  to  form  any  clear  conception  of  tbe  viscosity 
of  the  rod,  aa  a  whole,  except  by  the  aid  of  such  a  definition  as  is  given 
at  the  beginning  of  the  present  paragraph.  We  will  waive  a  further 
development  of  these  views  here  for  tbe  reason  that  the  detailsof  opera- 
tion of  temi>ering  itself  are  In  need  of  Airther  experimental  elucida- 
tion, in  various  directions.  Here,  however,  an  account  of  the  occur- 
rences which  rob  the  theory  just  sketched  of  much  of  its  clearness  and 
perspicuity  is  in  place. 

(3)  The  most  satisfoctory  exception  which  we  can  form  of  the  nature 
of  the  strain  of  a  glass^hard  steel  rod  is  that  of  abnormally  condensed' 
external  layers  surrounding,  like  an  arch,  an  abnormally  rare  core. 
These  two  abnormal  states  of  density  mutually  condition  each  other. 
It  is  the  stress  under  which  the  internal  layers  exist  which  is  the  canse 
of  the  condensation  of  the  relatively  thin  external  shell,  and  the  extreme 
limit  of  condensation  of  the  latter,  again,  wliioh  prevents  the  internal 
layers  from  falling  back  to  normal  denxity.  This  view  baa  much  exper- 
imental evidence  to  support  it,"  thongh  it  must  be  regarded  as  a  mere 
diagram  of  the  essential  features  of  the  vastly  more  complicated  struct- 
are  of  the  glasa-hard  rod.  An  increase  of  the  temperature  of  a  hard 
rod  (annealing)  is  antagonistic  to  the  existence  of  »  strain  of  this  char- 
aet«r  in  two  respects.  In  the  first  place  it  is  obvious  that  the  rare  core 
will  be  in  a  condition  of  leas  int«>nsity  of  strain  at  a  high  than  at  a  low 
temperature,  and  this  because  of  the  volume-expansion  due  to  tempera- 
ture. •  For,  instance,  the  temperatnre  may  readily  be  chosen  so  high 
that  an  identioal  hot  rod  "wonld  normidly  have  Uie  same  low  density 
that  originally  existed  in  the  strained  core  of  the  cold  glass-bard 
rod.    Increase  of  temperature,  on  the  other  hand,  diminishes  the  den- 


*>Cf.MonMon:  PliTilk,  3.  ed.,  pp.  234, 925,  ToL  1, 187.    Fromme:  I.e. 
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nit.v  <if  llie  exti'rual  layers,  lu  piotHtrtioti,  tlieu-forc,  as  tbe  litnperature 
of  tilt)  uuncaling  bath  is  higher,  tlie  iaun  layers  of  the  origiually  hard 
rod  approach  the  uormal  deasity  for  the  respective  temperatures  more 
aod  more  ueaily,  aud  the  surface  condensatioD,  because  tbe  couditioas 
of  its  existenceare  being  aimulled,  tuust  therefore  also  disappear  at  a 
correspondiug  rate.  Wheu  tbe  temperature,  f,  at  wbich  the  stress  iu 
the  iotier  layers  is  wholly  gone  has  beea  reached,  ouly  as  much  of 
the  surface  eoDdeusatlou  cau  hare  remaiued  as  is  iu  couformity  with  the 
ordinary  viscosity  of  steel  at  P,  The  rod  if  cooled  from  (*■  will  there- 
fore in  the  cold  state  be  of  greater  density  than  an  otherwise  identical 
and  homogeneous  rod — it  beiug  postulated,  of  course,  that  with  tbe  dis- 
appearance of  strain  the  tempered  rod  itself  approaches  nearer  and 
nearer  the  bomogeneoas  state.  If  the  annealing  be  carried  to  even 
higher  temperatures  than  If,  the  surl'ace  condensation  will  also  more  and 
more  fully  vanish,  and  the  density  of  the  cold  rod  as  a  cousequeace 
agaio  decrease.  Now,  it  is  exceedingly  remarkable  and  significant  that 
the  electrical  etTeetR  due  to  tbe  annealingof  a  glass-hard  steel  rod,  enor- 
mous aa  they  are,  vanish  almost  entirely  after  tbe  temperature  of  the  an- 
oealing  bath  exceeds  SOOt^  to  400°,  that,  is  at  a  temperature  at  which  the 
density  of  a  homogeneous  hot  rod  is  the  same  as  the  density  of  an  iden- 
tical cold  glass-hard  rod,''  or,  in  other  words,  very  nearly  at  the  teinper- 
atore  f  just  discussed.^  Magnetic  effects,  however,  as  will  be  shown 
elsewhere,  are  still  very  marked  for  rods  annealed  at  temperatures 
higher  than  f.  This  is  in  conformity  with  tbe  hypothesis  of  residual 
sorfoee  condensation,  because  magnetic  phenomena  are  so  largely  de- 
pendeot  on  the  external  layers  of  a  rod.  Finally,  the  actual  existence 
of  a  maximum  of  density  for  rods  annealed  at  temperatures  near  t°  has 
been  experimentally  shown  by  Fromme." 

(4).  With  these  remarks,  however,  the  subject  is  by  no  means  fully 
exhautited,  even  so  far  us  our-preseut  purposes  go.  It  ia  easily  con- 
ceivable that  a  rod  at  100°  may  be  brought  into  a  condition  of  strain 
(strain  of  hardness)  which  bears  the  same  relation  to  an  identical  homo- 
geneons  rod  at  400°  that  an  ordinary  glass-hard  rod  does  to  an  identi- 
cal cold  soft  rod.  We  believe,  however,  that  the  viscosity  of  the  hot 
rod  is  too  iusiguiflcaut  to  admit  of  the  permanent  retention  of  more  than 
reduced  intensities  of  stress,  uo  matter  how  mnch  of  the  strain  pecu- 
liar to  temper  may  by  some  ideal  means''  have  been  imparted  to  it. 
In  other  words,  snppose  that  a  sufficient  and  very  great  intensity  of 

■C(-  |.p.  90-93. 

**The  coodeniKd  iBfero  of  the  rod  beiog  tbiii  in  cotupariBOD  with  the  rarefied  parts. 

*<Froii]m«:  1.  c,  p.  355. 

*To  rarm  a  deftnite  conception  of  an  ideal  process  of  tempering  like  the  one  in 
qneatioD,  soppoae  the  observer  to  have  in  control  a  set  of  forces,  b;  aid  of  which  he 
is  able  to  moveeai;^  of  the  molecules  of  a  (soft)  steel  rod  into  eucb  pusitioDS  thKt  tbe 
rod,  aa  a  nhole,  experiences  a  Blmin  of  glOBs-bardnsKS  of  very  great  iutenHity ■  When 
diie  characteristic  distribntioD  nf  niokciilcs  n-ithin  the  volume  of  the  (non)  hard  rod 
haa  been  edTected,  let  tbe  action  of  the  said  forci'8  be  di8<:ontiDued  and  the  molecnlea 
(689) 
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the  Btrain  iu  qnestion  is  imjiarted  botli  to  an  iron  ami  to  a  slccl  ro«l  of 
the  same  dimeusions.  When  the  tempering  iiiflueDce  has  ctiascd,  the 
«l:ee)  rod  will  hare  retained  a  pheiiominal  amount  and  exhibit  Rlass- 
hardness.  The  iron  rod,  on  the  contrary,  will  have  lost  nearly  the  whole 
of  it.  Analogons  to  the  latter,  the  steel  rod  when  at  400°,  no  matter 
how  much  stress  may  be  imparted  to  it,  will  peinianently  retain  no 
inore  at  400°  than  the  small  amount  which  is  consistent  with  the  defi- 
nition of  viscosity  above  yiven."  The  jtresent  consideration,  therefore, 
cnlminates  in  an  experimental  inquiry  which  may  be  formulated  tbns: 
Will  a  steel  rod,  if  chilled  from  a  given  temperature  in  red  heat  in  a 
liqaid  at  any  temperature  below  C,  and  suhseqaently  annealed  by  an 
exposure  to  t",  indefinite  as  regards  time,  always  exhibit  the  same  final 
intensity  of  stress  or  thermo-electric  hardness — barring  of  course  all 
secondary  effects,  snch  as  arc  due  to  decarburation,  etc. 


THE    PHENOMEHON    OP    OLA88-HAEDNE88    DISCnSSED    FBOM    THB 
CHEMICAL   AND  FEOM  THB  MECHANICAL   6TAHDP0IKT. 

Chemical  interpretation. — "We  now  proceed  to  the  discussion  of  the 
effects  of  sudden  chilling  on  steel.  If  we  endeavor  to  explain  the  known 
phenomena  mechanically,  we  encounter  two  grave  difficulties.  In  the 
first  place,  we  fail  to  find  any  obvious  reason  why  the  hardness  of  a 
chilled  rod  is  not,  as  Chernoff"  discovered,  a  uniformly  continnons 
fanetion  of  the  temperature  of  the  rod  before  sudden  cooling.  In 
the  second  place,  the  important  function  of  carbon  in  the  process  of 
tempering,  and  the  necessary  presence  of  this  element  in  steel  if  the 
effects  of  sadden  cooling  are  to  be  permanent,  is  not  easily  diseernible. 
Both  these  apparently  weak  points  of  the  mechanical  theory  may  be 
-very  easily  explained  chemically.  It  is  only  necessary  to  suppose  that  a 
certain  high  temperatnre  must  be  reached  before  the  uncombined  carbon 
of  soft  or  annealed  rod  is  again  either  converted  into  the  combined  fomt 
or  is  dissolved."    That  such  a  temperature  would  lie,  at  lowest,  in  the 

feft  to  thonixelves.  Then  will  the  czcesa  of  Btrera  gradaallir  disappear,  nnti],  tbroagb 
ioflHitu  time,  the  inteusity  of  strnin  wliich  the  Riven  rod  under  the  given  cironm- 
stances  of  temperatGi^  of  it«elf  can  Jaat  permanently  retaio,  Ib  reached.  The  (haid) 
rod  is  novinaconditioD  of  Btable  molecular  equilibrium.  The  close  analogy  bet WMn 
this  ideal  method  of  imparting  temper  and  magnet izatioa  la  at  once  apparent. 

"Ct  p.  95,  (1). 

"Cheruoff:  Vortrag  geh,  in  der  Eubb.  Teob.  GeBell.,  April  u.  Mai,  ISTH;  cf.  Jauib, 
«p.  cit.,  p.  644-7.  A  reprint  of  ChernoEfB  lectnre  kindly  sent  |>y  the  author  Bbowed 
OB  that  Cbeniofi'  n-as  the  first  to  discover  the  reraarksble  phenomenon  iu  queBtiOD. 
Our  own  experinienta,  made  independently  of  Chernoff  and  sbortl.v  after  hiiu,  teid  to 
the  same  result,  both  as  regards  mechanical  imd  thermo-electric  hardneBS.  (Cf.  Bams; 
Wied.  Ann.,  VII,  p.  405,  1879;  Stronhal  and  Barns:  Wied.  Ann.,  XI,  p.  946,  IdcW.) 

*Cr.  Kitrsten's  theory  on  the  existence  of  a  "  poly  carburet,"  for  instance,  in  Pet^- 
Wedding,  op.  cit.,  p.  167;  Jeans,  op.  cit.,  p.  646;  etc. 


)      GLA8S-IIAEDNE8S — PHYSICAL   CAD8E8.  99 

region  of  red  lieat  is  immediately'  probable.  Suddeu  cooling  &om  tem- 
peratures below  this  critical  value,  in  eo  far  as  carbon  would  remain 
undissolved  or  uocombined,  could  oot  impart  hardness  to  steel,  bnt 
would  merely  anneal  it  tlie  more  thoroughly — which  is  actually  observed. 
It  is  particularly  to  be  noted  here,  moreover,  that,  According  to  Jeans, 
iu  the  cememation  process  iron  will  not  absorb  carbon  until  a  certain 
definite  high  temperature  has  beeu  reached. 

Physical  interpretation. — (1)  The  first  of  the  above-mentioned  diffi- 
culties encountered  by  a  mechauical  theory  must  here  be  discussed  with 
greater  detail.  The  phenomenon  is  not  without  remarkable  physical 
aualogiee.  Gumming,''  for  instance,  and  after  Mm  others,  called  atten- 
tion to  the  very  sudden  expansion  exhibited  by  iron  at  a  certain  temper- 
ature in  red  beat.  Tait*"  signalizes  the  abnormal  thermo-electric  behav- 
ior of  iron  under  the  same  circumstances.  Finally,  the  discovery  due  to 
Qore,*'  which  Baur°*  has  recently  stndied  with  considerable  detail,  is  to 
be  cited  here,  viz.,  that  the  temporary  magnetiiim  of  saturated  iron  at  the 
said  temperature  suddenly  vanishes  from  a  foregoing  very  large  value. 
There  appears  to  be  little  reason  to  doubt  that  all  of  these  phenomena 
are  different  manifestations  of  the  same  canse." 

(2)  If,  now,  we  bear  in  mind  that  a  glass  hard  rod  has  retained  a  very 
large  part  of  the  increment  of  volame  due  to  the  heat  expansion,  at  the 
temperature  from  which  it  waa  chilled;  that  furthermore  very  rapid 
cooling  IB  the  necessary  condition  of  the  appearance  of  glass-hardness; 
then  the  remarlcs  just  made  at  once  suggest  the  inference  that  Cam- 
miog's  phenomenon  plays  a  very  important  part  in  the  process  of  tern* 
pering.  It  woold  follow,  furthermore,  that  the  said  phenomenon  must 
first  folly  have  appeared  if  sudden  cooling  is  to  be  accompanied  by 
hardness.  Hence  the  necessity  of  a  critical  temperature.  Here,  there- 
fore, we  encounter  the  first  diflerence  between  iron  and  steel  on  the  one 
hand,  and  all  other  metals  and  alloys  on  the  other  (these  being  without 
the  said  i>heuomeiion),  us  regards  conditions  favorable  to  the  produc- 
tion of  hardness  by  chilling. 

(3)  The  difi'erence  between  iron  and  steel,  however,  appears  even  at 
ordinary  temperatnres  whenever  both  materials  are  subject  to  the  same 
kind  of  stress.    If,  for  instance,  we  expose  two  like  rods,  one  of  iron  and 

"Camming:  Cf.  TkU,  1.  c.    Qore:  Proo.  Bo.v.  Soc.,  XTII,  260,  Idol). 

"Tiit:  Trunii.  Hoy.  9oc.,  Ediubgh.,  XXVII,  1872-73,  p.  ViZ;  Proo.  E-  S.  E.,TIII, 
p.  32,  1872-73. 

"Gore:  Phil.  Mag.,  (4),  XXXVIII,  p.  59,  1869;  ibid.,  XL,  p.  170. 1870. 

"  Baar :  Wied.  Ann.,  XI,  p.  408,  18tJ0. 

"  Tait  refeiB  the  aiaiioaa  and  broken  character  of  the  iron  tine  in  his  thertuo-electrio 
diagram  to  Cummiug'H  pbeuomnaou.  Oore,  and  more  thnr^iiglily  Biiir,  ascribe  the 
RDomalons  behavior  of  temporary  oiagnetiam  at  red  heat  tu  tUo  Bnmu  cauxc,  iu  both 
cases  attributed  to  Gore.  Tlie  same  irregular  results  wonld  probably  recur  in  the 
Taristion  of  electrical  condoctivity  on  passing  the  temperature  in  question.  Th« 
method  of  eiperimentatiOD  adopted  by  Benoit  (1.  o.)  led  him  to  overlook  this.  With 
the  dlscoTery  of  CbemofT  these  ioteresting  analogies  are  eui'iched  by  a  new  fact. 
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oneofsteelgtotheinflaeaceoftbeeamesaffloieuflyiiiteiiBemagDeticfleld, 
the  steel  rod,  after  withdrawal,  is  fouiid  to  have  retained  a  very  consid- 
erable part  of  its  origiual  magnetism  permanently,  whereas  the  iron  is 
comparatively  unmagnetic.  Analogously  we  find  that,  although  both 
iron  and  steel  iiossess  the  essential  properly  of  sudden  espaosioo  at 
red  heat  discovered  by  Gumming,  steel  after  sadden  cooling  has  re- 
tained a  phenomenal  amonut  of  the  peculiar  and  characteristic  Btruia 
accompanying  hardness,  while  iron  remams  nearly  soft  and  compara- 
tively bomogeueous.  It  appears,  tlierefore,  that  the  effect  of  sudden 
cooling  on  steel  also  admits  of  a  physical  explanation. 

Physical  and  chemical  changes  siviultaneoua. — There  is  one  other  con- 
Bideiation  to  be  added  here.  If  we  compare  the  dififereuce  between 
steel  and  iron  as  regards  their  power  for  the  retention  of  a  given  me- 
chanical strain,  with  the  respective  retentive  properties  of  steel  at  dif- 
ferent temperatures,  we  may  readily  infer  that  nnder  all  circnmstaDcea 
the  absolute  amonut  of  combined  carbon  iu  iron  or  steel  is  the  essential 
iactor.  From  this  standpoint  every  gradually  progressive  change  of 
Strain  from  any  original  to  any  final  value  is  to  be  looked  upon  as  a 
physical  phenomenon ;  the  fundamental  cause  of  such  gradual  change 
of  strain,  in  other  words  the  cause  for  the  necessary  change  of  viscosity, 
is  to  be  regarded  as  only  dependent  on  temperature  in  snch  measure  as 
temperature  itself  determines  the  ratio  of  combined  to  uncombined  car- 
bon ;  hence,  also,  the  amonut  of  combined  carbon  in  the  steel  rod.  Here. 
therefore,  the  thermo-electric  hardness  of  a  rod  annealed  lor  an  indefi- 
nite length  of  time  at  t  degrees  ia  an  indication  of  the  amount  of  com- 
bined cftrbon  in  tiie  rod  at  this  temperature. 


EXPEBIHENTS  WITH  MALLEABLE  CA8T-IB017. 

Above  inferences  not  decisive. — Endeavoring  to  review  the  above  mat- 
ter with  the  object  of  obtaiaiog  data  for  the  discrimination  between  the 
physical  and  the  chemical  featnrea  of  the  process  of  tempering,  we  liiil  to 
find  criteria  sufBciently  decisive  to  enable  us  to  draw  oar  inferences 
satisfactorily.  We  are  induced  even  to  acknowledge  that  there  exists  a 
remarkably  intimate  relation  between  the  two  methods  of  interpreting 
the  various  phenomena;  for  not  only  are  we  able  to  explain  even  the 
more  important  details  both  from  the  chemical  and  the  phyHiral  stand- 
point, but  the  development  of  either  hypothesis  contiuuidly  suggests, 
new  means  for  the  development  of  the  other. 

Electric  behavior  of  inaUeable  cast-iron. — At  this  stiiK"'  of  our  research 

it  apijeared  probable  that  further  and  perhaps  critical  uilorinuliou  might 

be  obtained  from  a  study  of  the  electrical  behavior  of  dilfcri'nt  species 

of  cast-iron.     We  commenced  our  inquiry  with  an  exauiiuation  of  what 

(692)' 
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is  koowD  ae  "  malleable  cast-iioD,"^  a  material  wbichfrom  its exceptiodal 
position  in  the  aeries  of  iron  carburets  seemed  particularly  well  adapted 
for  the  elucidation  songht.  This  product  is  tough  and  teaaceons,  thoagb 
imperfectly  malleable  iu  the  soft  state,  but  after  sudden  cooling  from 
red  heat  becomes  almost  as  hard  and  certainly  quite  as  brittle  as  hard 
st^l.  C'orqamgDon'*  has  shown  that  it  is  distinguished  fh)m  steely 
cbemically,  by  the  relatively  very  large  amount  of  graphite  which  it 
contains.  We  were  fortunate  in  obtaining  rods  of  malleable  cast-iix)n 
from  M.  E.  Hartmann,  in  WQrzburg. 

The  results  of  our  measurements  of  thermo-electric  power  are  giveu 
in  the  following  table  (42)  on  a  plan  identical  to  that  adopted  above  for 
alloys.  The  rods  were  examined  in  three  states  of  hardness,  viz.,  in  the 
commercial  couditiou  in  which  they  reached  our  hands,  then  immedi- 
ately after  sudden  chilling,  finally  after  thorough  anuealing  (softening) 
by  slow  cooling  from  red  heat :" 

Table  43. — Tlienno-el«ctiio  power  of  malUabU  eatt-iron. 
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"Cf.  Perry-Wedding,  op.  «(.,  p.  143. 

"ForqaingDon,  I.  c,  p.  536. 

"Tbe  oanol  [troceaaof  HnnaondiDg  the  rods  with  funo-fenic  oxide  in  ga»-pipe  (cloaed), 
then  heating  the  latter  to  redneae  in  a  charcoal  fbraace,  in  which  the  tnbe  Is  left  until 
th«  fire  ia  coiDpIet«lj'  extingnished,  being  adopted. 
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•         Tablm42. — Ihemo-eUelric  ptnetr  0/ malltabU  eattiroa — Contianed. 
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The  following  aod  final  tables  (43]  contain  our  results  for  the  epeci&o 
resistance  of  malleable  caat  iron  in  eacli  of  the  three  states— commer- 
cial, chilled  hard,  annealed  soft  (at  led  heat).  In  column  third  is  given 
the  actual  resistance  per  meter  of  rod  at  the  temperature  t  The  sec* 
tions  in  cm*  are  foand  nader  q.  The  specific  resistances  at  t  and  0  de- 
grees are  arranged  under  St  E^ud  «,  respectively,  while  the  intermediate 
column  a  contains  the  temperature-coefficients  for  this  reduction: 
Tablb  43.—iaectriiMlre»Ut<inoeofmalhabUo(utiroii. 
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In  the  following  digest  the  main  data  obtained  for  malleable  cast-iron 
are  given  in  more  perspicuous  form.  Ja  contains  the  range  of  variatioD* 
of  the  thermo-electric  constant  a  from  soft  to  hard.  Js  has  the  same 
signification  aa  regards  specific  resistance: 

Table  44. — Tktnno-eltctTio  pvaer  and  (pw^Ao  retitttmce  of  malleable  dUMnm. 
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J>ecwtr«  character  of  the  evidence. — Tbe  first  strikiog  feature  of  the 
last  set  of  results  is  the  slight  therinoflectric  difl'ereuoe  between  the 
iDslleable  ca^^t-iroii  rods  and  silver.  Hence  the  large  valuer  of  thermo- 
electric hardness  correfipoudiog  to  the  large  valaes  of  specific  reMxtance. 
Far  more  remarkable,  however,  are  the  almost  iusiguiticauc  varia- 
tions {Ja  and  J«)  produced  by  sudden  cooling.  Here,  therefore,  we 
have  a  valuable  example  of  an  iron-carbiiret  in  which  the  interval  of 
meehanical  hardueaa  due  to  tempering;  i.  e.,  the  difieience  of  mechau- 
ical  barduess  between  ban!  and  soft  is  very  great,  whereas  the  corre- 
sponding cbange  of  tbe  electrical  constants  scarcely  reaches  the  elec- 
trical different^  between  "bine  annealed"  aud  "soft"  for  steel.  In  thi» 
respect,  therefore,  these  measurements  have  critical  value.  It  follows 
that  tbe  mechanical  bardneBS  possessed  by  chilled  steel  cauuut  be  the 
only  or  even  tbe  principal  cause  of  the  enormous  variation  of  the  elec- 
trical constants;  that  the  said  cause  of  these  variations  niii^t  be  Houghti 
in  the  secondary  phenomena  which  accompany  the  presence  of  hardness; 
that  they  are  therefore  very  probably  due  to  the  strains  mauifesting 
tfaemselvea,  as  a  whole,  in  the  volume  exjtansioD  of  banl  steel. 

This  important  deduction  is  further  sub«tantiated  by  certain  experi- 
meota  made  with  cast-iron  by  Jonle."  llis  results  showed  that  cast- 
iron  in  tbe  white,  hard  condition  is  thermo-electrically  nearest  antimony; 
is  the  black,''  graphitic  condition,  however,  nearest  bismuth.  All  other 
samples  of  cast  iron  examined  occupied  thermo-electric  positions  between 
these  limits.  If,  therefore,  the  shifting  of  thermoelectric  position  pro- 
duced by  sodden  chilling  were  to  be  ascribed  tu  the  conversion  of  un- 
combiued  into  combined  carbon,  bard  steel,  like  white  castiroD,  would 
lie  nearest  antimony,  soft  steel  nearest  bismuth,  where.as  the  actual 
positions  of  steel  in  these  two  extreme  states  of  hardness  is  Just  the 
leverse  of  this.  Hence  it  would  follow,  again,  that  the  change  of  ther- 
mo-electric power  of  8t#el  due  to  tempering  most  be  referred  to  tbe 
increase  of  voluiae  simultaneously  experienced.  In  striking  accordance 
with  this  iufereuce  are  the  results  of  Forquiguon:**  "Le  fonte  malleable 
se  distingiie  de  I'acier  par  ses  faible  alhngementa  et  sa  forte  teueur  eu 
graphite."  It  appears,  therefore,  that  here  again  the  absence  of  inarkeA 
volume  increase  is  the  concomitant  of  the  absence  of  marked  electrical 
variation. 

If  we  add  to  these  dedactions  the  remarks  made  in  pnges  S9, 95,  and  99, 
we  arrive  at  the  following  final  result :  The  existence  of  the  peculiar 
strain  accompanying  hardness  in  steel  is  the  cause  of  electrical  effects  so 
enormous  that  such  addttioual  effects  which  any  {Mssible  change  of  car- 
boration  may  involve  cau  be  wholly  disregarded,  and  all  electrical  re- 
salts  interpreted  as  due  solely  to  variations  in  the  intensity  of  tbe  said 
Btraiu. 

■'JoDle:  PliiLTituiB.,  [059,  I,  p.»7. 

"That  IB,  black  at  tbe  wirrace  of  I'ractiire,  kooKo  tu  be  ricb  \a  grapbite. 

••FoniiiignaD,  1.  c.p.  5.'!6. 
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CHAPTER    IV. 

OK  THE   THERMO-ELECTRIC    EFFECT   OF   MAGNETIZATION. 

Earlier  results. — A  uumber  of  facts  go  to  prove  that  the  molecular 
structure  of  an  irou-carburet  is  materially  affected  both  by  the  inteusitj 
aud  by  the  kind  of  maKnetizatiou  wbicti  it  receives.  We  koow,  more- 
over, from  exi)erimeut8  of  Joule,"*  Wertheim,""  Mayer,'"  that  the  exist- 
^ice  of  maguetism  in  a  bar  exerts  a  stress  beariug  some  aualogy  to  a 
imll  in  the  direction  of  the  magnetic  axis.  This  etraiu  seems  to  be  an 
inseparable  concomitant  of  the  magnetic  quality.  We  therefore  infer  at 
once  that  if  two  identical  steel  rods  be  magnetized  to  different  inteusi- 
ties,  their  original  thermoelectric  powers  will  have  changed;  that, 
moreover,  the  increments  of  this  quantity  iu  the  two  cases,  in  accord- 
ance with  the  difference  of  magnetic  state  premised,  will  be  unequal. 
Similar  remarks  |>ossibty  apply  to  other  physical  constants  of  steel,  iu 
particular  to  its  electrical  conductivity.  With  regard  to  the  latter,  the 
results  of  earlier  observers  are  either  unsatisfactory  or  discordant."" 
The  experiments  of  Beetz'"  furnish  the  first  evidence  of  a  decisive 
character.  This  physicist  found  that  the  resistance  effect  of  longi- 
tudinal magnetization  is  an  increment  of  from  0.03  per  cent  to  0.06 
per  cent. ;  that  in  the  case  of  transverse  magnetization,  however,  do 
variation  {greater  than  0.0005  per  cent.)  is  appreciable.  Beetz's  result 
lias  been  corroborated  and  supplemented  by  experiments  of  Auerbach,^"* 
who  maintains  that  while  the  specific  resistance  of  hard  steel  increases 
coDttnuonsly  from  the  longitudinally  to  the  circularly  magnetized  state, 
soft  irou  and  soft  steel  possess  a  minimum  of  resistance  when  ud- 
m  ague  tic. 

The  discovery  of  a  thermo-electric  effect  of  magnetization  iu  due  to 
Sir  W.  Thomson,'"'  and  his  experimeuta  furnish  the  only  results  on 
the  subject  which  have  thus  far  been  obtained.  He  found  that  an  iron 
wire  i  a  the  longitudinal  or  in  the  transversely  magnetized  state  is  thermo. 
electrically  positive  or  negative,'""  respectively,  when  compare<l  with  the 

"wjoole:  Pbtl.  Mag.,  XXX.  pp.  76,  225,  l-*!*. 

'"I  Werlheim  :  Aon.  d.  Cbim,  et  do.  Phys.  (3),  XXIII,  p.  302,  1848. 
'"! Mayer:  Pliil.  Mag.  (4),  SLVl,  p.  177,  1S73. 

'"Cf.  digest  and  partial  discussion  in  Wiedenianu'ii  Galvaniemus,  II  a,  p.  586  (ed. 
1874). 
i»Beeti:  Fogg.  Ann.,  CXXVIII,  p.  202,  1S66. 
■"Anerbaoh:  Wiod.  Ann.,  V,  p.  289,  1878. 
'"Thomson :  Phil.  Trans.,  Ill,  p.  723,  1866. 
""In  Beebeek's  sense.     See  preface. 
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eame  wiie  in  tlie  unmagnetic  state;  that  is,  tbere  would  be  a  tbermo- 
curreut  frotu  trausversety  magnetic  to  nnmagiietic  through  hot,  or  from 
anmagoetic  to  loogitiitliDally  magnetic  throngh  hot. 

Belatire  electrical  effeett  of  kardnett  and  ma^etization. —These  facta 
have  au  immediate  bearing  oa  the  qucatioD  in  how  far  the  tneth<Ml  for 
the  measarement  of  liardaess  which  we  employed  ia  the  case  of  ud- 
magnetic  rods  is  to  be  modified  when  we  deal  with  magneta,  For  it  is 
obvious,  if  the  barduesa  of  a  steel  rod  is  to  be  expressible  in  terms  of 
Its  tber mo-electric  power,  that  magnetization,  in  so  far  as  it  produces 
uo  appreciable  change  of  the  mechanical  quality,  must  to  an  equal  ex- 
tent be  without  influence  on  the  value  of  its  electrical  equivalent. 

The  effect  of  transverse  and  of  circular  magnetization  on  the  specific 
resistance  i:i  not  distinctly  narked.  Beetz,  I.  c,  obtained  no  indication 
whatever.  We  are  justified  in  accepting  a  similarly  small  iuterval  of 
variation  for  the  thermo-electric  power,  although  Thomson, /.<^.,  was  able 
to  addnce  ronclusive  experimental  proof  of  ita  existence.  In  its  bear- 
iug  on  the  especial  j)urpoBes  of  the  present  series  of  papers,  this  effect 
i:^,  however,  of  secondary  importance;  for  which  reason,  and  in  view  of 
the  difBcuIties  with  which  an  exact  measurement  would  be  surrounded, 
we  determined  to  neglect  it  in  favor  of  the  mnch  more  pronoaoced  phe- 
nomenon now  to  be  considered. 

It  is  the  evalnatioD  of  the  electrical  effect  of  longitudinal  magneti- 
zation, therefore,  which  ia  carefully  to  be  essayed.  Aa  regards  the  spe- 
cific resistance,  the  results  of  Beetz  furnish  the  datum  of  only  about  a 
half  tenth  i>er  cent,  for  iron  in  the  moat  favorable  case.  Sow  the  re- 
sistance effect  of  glass-hardening  is  as  high  as  300  per  cent.  It  ia 
obvious,  therefore,  that  where  the  specific  resistance  is  used  for  the 
definition  of  hnnlneHs  of  steel,  the  effect  of  magnetization  is  thoroughly 
negligible,  since  for  steel  it  will  probably  fall  even  t>elow  the  small  value 
lor  iron ;  particularly  so  where  permanent  magnetism  is  alone  of  interest. 
Conaequently  this  mode  of  measurement  of  hardness  may  be  immedi- 
ately applied  to  steel  irrespective  of  its  magnetic  state. 

In  cousiili-ring  the  thermo-electric  behavior  of  steel  in  its  dependence 
on  magnet izatiim,  the  following  striking  peculiarity  is  conspicuous  at 
the  outset.  When  the  simultaneous  variation  of  thermo-electric  power 
and  qieciflc  resistance  is  produced  by  tem^iering,  the  result  is  such 
that  steel  for  continually  increasing  resistance  moves  constantly  toward 
greater  thenno-electrically  negative  values.  When  the  simultaneous 
variation  in  question  ia  produced  by  magnetization,  however,  a  positive 
inctemeot  of  resistance  (Beetz)  corresponds  to  a  shifting  of  steel  towards 
thermo-electrically  positive  values  (Thomson).  This  at  once  points  out 
a  radical  difference  between  these  phenomena,  a  difference,  however, 
which  might  have  been  anticipated  both  f^om  the  utter  dissimilarity  of 
the  strains,  as  well  as  from  the  fact  that  we  necessarily  deal  with  steel 
only  in  the  first  case,  but  with  iron  and  steel  (soft)  respectively,  in  tiie 
(697) 
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second — where,  moreover,  tbe  bebavior  of  eoft  and  of  hard  steel  is  not 
even  qualitatively  the  same  (Anerbach). 

The  magnetic  result  admits  of  the  followiuff  interpretatiOD.  It  has 
been  stated  that  oue  of  tbe  resaltB  of  magnetization  is  eloLgation  in 
the  direction  of  the  magnetic  axis  and  contraction  at  ri^ht  angles  to  it 
in  such  proportions  as  leave  the  volume  of  tbe  iron  aucbanged  (Joale). 
In  this  respect  tbe  stress  is  analogous  to  a  pnll.  Now,  Thomson  dis- 
covered in  the  one  ease  a  current  from  transversely  magnetized  to 
longitudinally  magnetized  iron  through  hot;  in  the  otberacnrredt  from 
transversely  strained  to  longitudiaally  strained  iron  through  hot- 
Possibly,  therefore,  we  have  in  hand  more  than  an  iiiddental  coinci- 
dence. It  is  to  be  noted  that  both  results  apply  for  elongation  withi.r 
the  elastic  limits. '"^ 

Method  of  experimentalion. — Thomson's  results  are  qnalitative.  For 
our  purposes,  however,  quantitative  results  are  a  uecesaity.  With  tbe 
object  of  deriving  these  the  following  experiments  were  made.  The  dis- 
position of  apparatus  is  diagrammatically  given  in  Fig.  14.    A  soft  iron 


'DLapoflitloD  of  npparai 


wire  about  0.08  centimeter  thick  and  40  centimeters  long,  tbe  ends  of 
which  had  been  fastened  to  long  terminals  (e,  d)  of  copper  wire,  wa* 

""ThonmOD,  (.  c,  pp.  712,  713.  CoUn,  Wieil.  Ann.,  VI,  p.  385,  I'TS),  Beeti  (Pogg. 
Add,,  CXXVIII,  p.  IIKI,  1866)  remaika  lliat  thu  rtsBiBtsDce  efTcct  of  niagoetiEation  ia. 
probably  to  lie  refem^d  to  the  occnncnce  of  Ihe  niiigaetic  Hlraiu.  an^  in  bo  far  antici- 
pates tbe  above  Htatenieiit.     But  liu  iiuiMeiwes  no  Oireet  eviJeoce. 
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thrust  through  a  belix  ( Afi)*together  with  one  of  the  copper  wires,  aud 
fixed  iD  its  axis.  At  each  of  the  ends  of  the  helix,  and  as  near  its  cen- 
ter as  possible,  a  doubly  tubulated  spherical  receiver,  containing  petro- 
leum at  the  temperatures  t  and  T,  respectively,  was  placed.  These  re- 
ceivers contained  the  jnitctions  of  the  thermo-element  (copper-iron).  In 
other  respects  the  disposition  ■'tnd  method  of  measarement  was  the  same 
as  that  employed  in  the  previous  chapter  il,  and  the  reader  destriog 
fnrtber  information  is  referred  thither.'*" 

The  helix  in  question  had  a  length  of  22.3  centimeters,  contained  ten 
layers,  each  with  about  55  windings  of  thick  copper  wire  0.3  centime- 
ter in  diameter. 

A  Siemens  dynamo-electric  machine  was  at  our  disposul  as  a  source 
of  strong  current,  the  intensity  of  which,  obtained  by  the  aid- of  a  Iwge 
tangent  compass,  under  the  given  circumstances  proved  to  be 

«=3.12g''^' 
sec 

Let  2a  be  the  length,  r  the  radios  of  a  given  layer  of  the  belix,  n  the 

QQmber  of  turns  of  wire  in  the  layer,  2b  the  length  of  the  rod  to  be 

magnetized.    Then  will  the  magnetizing  force  on  the*axis  of  the  helix 

and  at  a  distance  b  from  its  center  be 


r  _  Tini  r        ( 


a+b  a—b 


and  the  mean  magnetizing  force  of  this  layer  referred  to  the  given 
length  (26)  of  wire 

The  following  are  the  data  desoribing  the  field  aetnally  used: 

2  X,=35  2  X=528  —^ 

emi  tec 

It  is  nnfortonate  that  the  conditions  of  a  more  uniform  field  could  not 
be  secured.  But  in  view  of  the  very  large  central  intensities  (Xo=940). 
the  belief  is  warranted  that  the  maximum  of  magnetization  must  at 
least  have  been  very  nearly  attained.  A  uniform  field  of  the  intensity, 
130  to  140,  is  usually  regarded  as  sufficient  to  magnetically  saturate  iron. 
Our  mean  value  (528)  is  about  four  times  as  large. 

The  actual  measurement  of  the  iufinence  of  magnetization  on  the 
thermo-electric  power  of  iron  was  made  in  such  a  way  that  two  separate 
aeries,  each  of  five  observations  of  electro-motive  force  and  temperature 
for  the  rod  tree  from  magnetism  (i.  e.,  without  magnetizing  current), 
included  a  single  series  of  the  same  number  of  observations  for  tb^ 
magnetized  rod  (t.  e.,  with  curreut).  The  thermo-electric  constants  of 
ttie  first  and  third  series  were  therefore  to  be  regarded  as  identical, 

>"Ch«p.   II  -36. 
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while  those  of  the  second  would  diffw  from^hem  by  an  amouut  eqniva- 
leot  to  the  magDetic  effect  to  lie  meaaared.  In  order  that  all  direct 
actioD  of  the  helix  on  the  galvanometera  or  parts  of  the  circuit  might 
be  avoided,  the  forroer  with  ita  attached  thermo-elemeal  was  placed  at  a 
great  distance  (100  feet)  from  the  latter.  Theae  remote  parts  of  the  set  of 
apparatus  being  connected  by  copper  wire  of  a  given  kind,  no  discrep- 
uicies  due  to  extraneoaa  thermo-curreuts  in  the  connections  were  to  be 
apprehended.  On  all  these  points  we  aatisfled  onrselves  b.v  special  tests. 
Retnlts. — (1)  The  reanlta  of  the  three  series  of  observations  in  qaestion 
are  contained  in  the  following  table.  If  «  be  the  electromotive  force 
for  the  'temi>eraturee  t  and  T  of  the  junctions,  we  have 

e=a{T-t)+b{T*-t*) (1) 

a.formnla  to  be  applied  to  the  three  casPB,  We  proceeded  as  follows: 
Having  calculated  the  constants  a  and  b  for  the  series  of  observations 
J  and  III  (unmagnetic  iron-copper)  by  the  method  of  least  eqnares,  the 
mean  of  the  two  values  of  each  was  taken,  and  together  with  the  tem- 
peratnres  Tand  t  belonging  to  the  series  II,  was  used  in  deducing  valnes 
of  «  for  this  series,  by  the  aid  of  formala  (1).  In  the  table  the  latter  are 
given  in  pareDtbeses.  They  are  therefore  such  as  wotdd  hold  for  the 
element  unmagnetic  copper-iron  under  circumstances  identical  with 
those  In  which  the  element  magnetic  eopper-iron  was  actually  placed. 

Tablb  45. — Tlieniuheleelrie  jxnnr  o/  magtietic  aitd  uamaffneHc  iron. 
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Au  inspection  of  the  column  of  differences  proves  conclusively  that 
longitudinally  magnetic  iron  wire  is  thermo-electiically  more  positive 
than  iron  tne  from  magnetism.  We  have,  therefore,  a  corroboration  of 
TbomHOn's  resnlt. 

*  N'evertheless,  the  differences  in  question  are  small,  and  if  we  compare 
them  with  the  set  of  values  for  the  genes  I  and  III  in  the  same  column 
we  infer  thnt  they  must  be  largely  distorted  by  incidental  errors.  It 
appears,  therefore,  that  the  observations  are  not  adequately  exact  fur 
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the  calculation  of  the  constants  of  the  element  maguetic-unmagDetio 
iron  with  the  desirable  accoracy,  Uiough  tbej  do  furnish  a  good  esti- 
mate of  their  value. 

(2}  For  this  reason  we  made  a  second  set  of  experiments  differing 
from  the  above  iu  so  far  as  mnch  greater  intervals  (2* — ()  of  tempera- 
tare  were  chosen.  T  and  t  being  kept  as  nearly  constant  as  possible, 
measnrementa  of  e  for  the  magnetized  and  utimagnetized  state  of  iron 
were  alternately  made.  Supposing  the  cesistances  of  Bosscha's  zero 
method  to  have  been  so  adjusted  that  for  given  values  of  T  and  *  and 
'  anmagnetic  iron  no  current  was  appreciable  in  the  galvanometer,  it 
was  found  that  a  permanent  deflection  at  this  instrnment  imtDediately 
occurred  on  closing  the  magnetizing  circuit  through  the  helix,  of  such  a 
kind  aa  to  indicate  an  increase  of  thermo- electromotive  force.  That 
this  efi'ect  is  of  purely  thermo-electric  origin,  and  is  not  to  be  directly 
ascribed  to  extraneous  influences,  follows  conclnsively  from  the  regu- 
larity of  increase  of  e  with  increasing  values  of  T.  To  produce  different 
but  temporarily  constant  values  of  the  latter  quantity  the  boiling  point 
of  water  and  of  aniline  and  the  melting  point  of  lead  were  found  serv- 
iceable. 

The  table  below  contains  mean  values  of  electro-motive  force  and 
temperature,  the  results  being  derived  from  a  great  number  of  meas- 
oremeDts  of  e,  with  alternately  open  and  closed  magnetizing  current, 
for  each  pair  of  values  of  T  and  t.  The  differences  beCweeo  the  values 
of  e  corresponding  to  magnetic  and  unmagnetio  iron  respectively,  ena- 
ble ns  to  calculate  the  constants  a  and  b  for  tbe  thermo-couple  com- 
posed of  two  identical  iron  rods,  one  of  which,  however,  is  magnetically 
saturated,  the  other  &ee  from  magnetism. 

Tabia  46. — Tkenno-tUetriepowrofinttgiteiiotMAwnmaQnttioinm. 
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Value  of  the  effect. — The  thermo-electric  effect  of  magnetization,  as 

given  by  the  constant  a,  is  therefore  -f  0,035.    The  corresponding  effect 

due  to  tempering-^,  e.,  the  difference  between  the  constants  a  for  the 

soft  and  for  the  glass-hard  stale — attains  values  as  high  as  13,0.    Hence, 
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«veu  if  the  behavior  of  iron  and  steel  were  qnalitatively  the  same — an 
unfavorable  eapposition  not  in  accord  with  Thomson's  observations — 
the  iDcrement  of  thermo-electric  power  resultlDg  from  complete  satura- 
tiOD  would  only  amount  to  a  few  tenths  per  cent,  of  the  thermoelectric 
interval  between  soft  and  glaBS-hard  steel.  But  in  oar  esperimeuts  we 
shall  hare  to  do  with  permanent  magnetism  only,  whence  it  follows  that 
the  discrepancy  will  be  reduced  to  a  mnch  smaller  value.  We  conclade 
that  the  tbermo-electric  hardness  of  a  steel  rod  is  practically  indtpe»dent 
of  its  magnetic  state. 

A  remark  on  the  general  character  of  the  strains  met  with  in  this- 
chapter  is  in  order  here : 

(1.)  In  the  case  of  steel  (cylindrical  rods)  hardened  by  tempering,  we 
observe  a  dense  external  shell  surrounding  an  abnormally  rare  core,  in 
such  a  way  that  greatest  intensity  of  stress  is  exerted  In  the  radial  direc- 
tion ;  i.  e.,  at  right  angles  to  the  axis  of  figure.  Tempered  steel  has 
been  shown  to  be  thermo-electrically  negative  towards  soft  steel. 

(2.)  Id  the  case  of  steel  hardened  by  drawing  through  awire-iron,  we 
observe  a  compressed  external  shell  (though  of  far  lesser  density  t^ian 
in  the  first  case)  sunonnding  a  slightly  rarified  core,  in  soch  a  way  that 
greatest  intensity  of  stress  is  exerted  in  an  axial  directioD.  Hard- 
drawn  steel  is  thermo-electrically  positive,  toward  soft  steel."" 

(3.)  If  an  iron  wire  is  longitudinally  stretched  and  the  defonnatitm 
temporary,  then  the  strain,  so  far  as  its  electrical  indications  are  cchi- 
cemed,  is  similar  to  the  magnetic  strain  in  iron. 

iioMegiiiu:  Pogg.  Ann.,  LXXXIU,  p.  469,  lB5t. 
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CHAPTER  V. 

OK  THE  INI-HIEIiCE  OF  HARDNESS  ON  THE  MAXIMUM  OF  MAGNKT- 
IZATION  WHICH  THIN  CTLINDBICAL  STEEL  BOD3  OF  DIFFERENT 
DIMENSIONS  PEBMANENTLT  RETAIN. 

PLAN   AND    PURPOSE    OF   THE   PRESENT   EXPERIMENTS. 

Earlier  results. — ^The  relatioQ  existing  between  tbe  magnetic  proper- 
ties anO  the  state  of  bardoess  of  steel  has  been  made  the  subject  of  a 
very  large  tinmber  of  iuvestigations.'" 

Dimension-ratio  andkardness. — After  the  apparently  discordant  resolta 
of  J.  MUller,  Plilcker,  and  WiedeinauD,  oo  the  one  hand,  and  Hansteen 
acd  LamoDt,  od  the  other,  had  been  interpreted  by  Gfa.  Buths  iu  a  very 
tboroagh  investigation — subsequently  corroborated  by  Fromme — the 
preeent  question  may  be  said  to  have  been  answered  in  so  far  as  tbe 
practically  important  factor,  the  ratio  of  dimensions  of  the  material  ex- 
perimented upon,  is  concerned.  It  was  herewith  conclusively  proveu 
that  both  temporary"'  and  permanent  magnetinm  show  a  totally  dif- 
ferent kind  of  dependence  on  tbe  state  of  hardness  of  steel  when  the 
eatnrated  rods  are  long  than  when  they  are  short.  On  the  basis  of 
these  researches  onr  knowledge  of  the  practically  more  important  per- 
manent magnetism,  more  particularly  the  maximum  possible  for  a  given 
cylindrical  steel  rod,  may  be  summarily  stated  as  follows : 

So  long  as  the  ratio  of  length  to  diameter  is  smaller  than  a  certain 

■"DigMteof  the  earlier  papers  may  be  found  In  J.  Lament,  Handbnoli  des  Magnet* 
ismns,  p.  249,  1867;  G.  Wiedemann,  Oklranlauiu,  II«,  p.  340,  1S74.  Among  the 
moM  recent  pablioatione  (aince  1876)  tbe  follottiiig  are  especially  to  be  men- 
tioned: Cb.  Rutbe,  laaag.  Dissertiou,  p.  34,  DarmBtadt,  1S74;  Ch.  Rutha,  Ueberdeu 
Magnetismne  weicher  EiBency Under,  etc.,  Dortmund,  1876;  J.  M.  Gnngaln,  Comptos 
Bend.,  LXXXII,  p.  144,  1876;  C.  Fromme,  Got  linger  Naobrich  ten,  p.  157, 1876;  TrfevB 
-At  Dnmaaier,  Comptes  Rend.,  LXXXII,  p.  145,  1876;  A.  v.  Walt>-nbofeii,  Dinglei's 
Jonnial,  CCXVII,  p.  357,  1876;  ibid.,  CCXXXII,  p.  141,  1879;  Gray,  Phil.  Mag.  (5), 
VI,  p.  331-332,  1878;  A,  Higti,  Beibliitter,  V,  p,  6i,  1881  ;  W.  Metcalf,  Beiblatter,  V, 
p.  895,  1881;  A.  Plctet,  Artb.  de  Gen.  (3),  VI,  p.  113-125,  IBbl. 

The  remarkB  madis  in  this  and  the  following  chapters  were  originally  published  in 
the  Verbaodl.  der  pbys.-med.  ges.  en  WUrzbnrg,"  N.  F.  XVII,  p.  19,  16^.  Tbe  pree- 
«nt  paperdiffera  from  these  in  form,  the  observations  having  been  reduced  Ibrongbont 
to  tbe  cnrreut  absolule  electromagnetic  nnita,  and  by  containing  a  large  number  of 
«sp«riments  made  since  the  date  of  oMginat  publication.  It  will  be  found  that  the 
jstter  have  added  essential  corroboration  f«  the  inferences  drawn.  The  reduction  in 
.qneotion,  presnppoaiug  a  knowledge  of  tbe  contents  of  Chapter  I,  has  not  until  lately 
been  feaeible. 

"•The  terms  "permanent"  and  "temporary"  as  need  here  have  the  signification 
propoeed  by  0.  Wiedemann  In  Beibllitter  I,  p.  67,  1^7. 
in  (703) 
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UmitiDg  value,  apparently  characteristic  of  the  material  cbosen,  cyJiu- 
drical  rods  are  eapable  of  retaiDiug  a  greater  iiiteusity  of  magnetism 
permaaently  when  in  the  glass-hard  than  when  in  the  annealed  Btate ; 
but  after  the  ratio  in  question  increases  to  valnes  above  this  limit,  hard 
rods  are  overtaken  in  this  respect  by  the  yellow  annealed;  these  in  tarn 
by  the  blue  annealed.  Soft  rods,  cwteris  paribus,  usually  retain  more 
magnetism  than  hard  or  annealed  rods  of  the  same  dimensions,  except 
when  the  ratio  of  axes  is  small. 

Carburation. — The  results  in  hand  for  the  specific  magnetic  eflfeet  of 
carburation  are  even  more  unsatisfactory.  We  possess  at  best  cursory 
or  isolated  data,  doe  to  Barlow,'"  Miiller,'"  Jamin,"'  v.  WaltenhofeD,'" 
Fictet."*  To  our  kuowledge  the  only  attempt  at  a  systematic  research 
with  reference  to  the  effect  of  carburation  was  made  by  Trfeve  and 
Durassier.'"  But  the  results  of  these  observers  are  far  from  being  even 
approximately  complete.  They  are,  moreover,  seriously  obscure,  be- 
cause insuf&cient  attention  is  paid  both  to  hardness  and  dimensions. 

Taken  as  a  whole,  therefore,  the  work  done,  however  valuable,  can 
serve  for  orientation  only.  It  is  of  the  natnre  of  a  mere  estimate.  The 
full  and  minute  analysis  must  introduce  all  tboae  complications  of  a 
metallurgical  kind  which  render  the  term  "  steel "  itself  indeflnite.  la 
this  place  the  effect  of  carburation  cannot  even  be  discussed  with  advan- 
tage. It  will,  therefore,  be  waived,  to  be  resumed  in  Chapter  VII  of  the 
present  memoir,  where  we  shall  have  occasion  to  review  the  physical 
characteristics  of  the  iron  carburets  in  general. 

Critieal  diaeussUm. — Returning  fix>m  this  digression  to  a  discussion  of 
the  magnetic  effect  of  the  hardness  and  of  the  diineusions  of  steel  rods, 
we  find  it  undeniable,  although  the  main  features  of  the  subject  may 
be  said  to  be  roughly  outlined,  that  the  information  gained  ie  almost 
intangibly  vague  and  unsatisfactory.  Jo  foct,  the  solation  is  at  most  a 
qoalitative  one.  The  data  of  the  above  researches,  in  other  words,  do 
Dot  enable  us  to  trace  the  coDtinuous  change  of  magnetic  intensity  of 
thin  saturated  steel  rods,  considered  for  the  tinfe  being  as  a  function  of 
a  single  independent  variable  hardness  only — the  steei  passing  from  an 
initial  (soft)  to  a  final  (hard)  state  .through  every  intermediate  state, 
dimensions  and  carburation  being  regarded  as  parameters.  And  yet  it 
is  only  from  results  of  this  character  that  an  intelligent  insight  into 
these  complicated  phenomena  can  be  obtained. 

There  are  two  difficulties  which  have  thus  far  stood  in  the  way  of 
more  exact  research  in  this  direction.  The  first  of  these  was  the  want  of 
a  sufficiently  sensitive  method  for  the  dis<Tiinination  between  degrees  c^ 

'"Barlow  r  Phil.  Tran*.  p.  llT.KiW. 
■"Mtller:  Pogg.  Ann.,  LXXXV,  p.  i:r.  IrtTiS. 
'"Jamin:  Comptm  Rend.,  LXXVIl.]'.  W,  l-^T:!. 
"«V.  WalteubofoD :  Pogg.  Ann..  CXXl.  \>.  431, 1664. 
i"PkIet;  Arch,  dc  Genfeve  (3),  VI,  y.  11;!,  1881. 
"•Trtve  et  DurBBsier,  MonileB,  XXVIII,  pp.  6W,  607,1676. 


(704) 


v_iOogle 


Bimus  uro  wsoDHii-J      BABLIEB   BESULTS — CBITICISH.  113 

litu-dness.  The  estimate  farni8be<1  by  the  oxide  tists,"*  if  indeed  rigidly 
reliable,  is  much  too  crude.  The  same  would  be  trae  of  any  other  of  the 
more  carrent  methods.  After  we  had  fonnd,  therefore,  how  well  the 
electrical  properties  of  steel  can  be  thns  utilized — after  we  bad  seen, 
for  instance,  that  the  annealing  effect  of  temperature  as  low  as  5(K>  O. 
cao  be  pursued  and  stadied  with  the  ntmost  nicety — the  application  of 
our  method  to  magnetic  phenomena  at  once  forcibly  presented  itself. 
Subseqaeutiy  certain  analogies,  which  appear  to  exist  l>etween  hardness 
itself  when  measured  electrically  and  permanent  magnetic  moment,  ren- 
doied  the  application  of  our  method  even  more  desirable.  With  regard 
to  the  second  difficulty,  we  want  in  this  place  again  to  emphasize  that 
the  behavior  of  rods  of  different  dimensions  cannot  by  any  means  be 
immediately  compared  unless,  ctuterig paribus,  the  same  thickness  occurs 
tfaroaghoat.  Most  of  the  observers  cited,  however,  have  obtained  their 
results  with  rods  for  which  different  values  of  L :  D  were  secured"* 
by  retaining  L  constant  and  varying  i>.  Now,  it  is,  apriori,  to  be  an- 
ticipated that  glass-hardening,  accompanied  or  uot  by  subsequent  an- 
nealing, will  be  productive  of  different  effects,  of  states  of  hardness, 
which,  even  if  temperature  and  time  are  identical,  are  straoturally'*i  the 
more  dissimilar  in  proportion  as  the  rods  snlijccted  to  these  operations 
differ  in  diameter.  Nor  is  this  all.  Difference  of  thickness  usually  im- 
plies a  difference  in  chemical  composition,  unless,  indeed,  tbe  specimens 
chosen  are  cut  fit>m  tbe  same  piece  of  steel.  To  oar  knowledge,  in  none 
of  the  above  researches  (rods  £W)m  0.2  centimeter  to  0.7  centimeter  in 
diameter)  was  this  done.  How  very  different  the  behavior  of  rods  fre- 
qneotly  is,  even  when  coming  from  the  same  source  and  nominally  of 
the  same  kind  of  steel,  will  appear  from  several  examples  to  be  cited  in 
tbe  next  paragraph. 

Thomson's  law,  in  accordance  with  which  geometrically  similar  rods 
show  ^nal  moments  per  unit  of  mass  when  placed  in  identical  magnetic 
fields,  is  probably  true  for  iron,  bat  cannot  be  immediately  applied  to 
the  case  of  steel :  possibly  it  may  be  a])plie(I  to  very  soft  rods ;  to  a 
lesser  extent  to  those  in  the  annealed  state ;  certainly  not  to  glass-hard 
rods,  iDftsnmch  as  here  the  pecnliartties  of  internal  structure  resulting 
from  tbe  process  of  tempering  manifest  themselves,  even  in  the  case  of 

"■It  is  bighlf  probable  tbat  a  giveu  oxide  tint  can  be  obtaiaed  in  an  iiifliiJK number 
of  wa;s  by  varying  temperature  and  time  of  eiposnre  Bimultanepotly :  lower  temper- 
atutea  acting  for  verj  lonf;  intervals  of  time  producing  the  tame  color  effect  as  faigber 
temperatorai  for  ehott  periods  of  espo«nre.  Re«earcbee  on  this  snl^ect  are  in  pTogreos. 
Powibly  ttie  vuiAtion  of  color  may  iM>n«cpoud  very  oloaely  with  tbe  actual  variatioD 
of  haidneas,  aa  diaonased  in  Chapter  IL 

>*>A11  the  above  remarks  apply  to  cylindrical  rods  of  length  L  and  diameter  D. 

>='  Stmctare,  as  nsed  here  and  elsewhere,  refers  to  the  variation  of  density  eneonn- 
tered  on  passing  along  a,  rodina  from  the  axis  of  the  rod  to  the  circnmferenoe.  In 
how  far  the  etructnre  of  rods  of  different  diameters  will  vary  cannot  even  be  conjee- 
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geometrically  similar  figures,  in  a  way  tbat  compels  ns  to  tieat  each 
thickness  iiHlividnally."' 

The  prenent  ejperimentg. — The  above  remnrks,  ve  believe,  clearly  show 
that  the  whole  of  out  knowledge  on  the  relation  of  magnetism  to  the  vari- 
ables, carburatioD,  hardness,  aud  cntaieDsions,!^  orgently  in  need  not  only 
of  reconstruction,  but  of  further  elacidatiou;  and  we  took  gieat  delight 
in  welcoming  this  opportunity  for  the  practical  application  of  the  expe- 
rience which  the  attention  of  many  years  to  the  physical  properties  of 
Bteel  has  givrai  ns.  The  first  part  of  oat  projected  magnetic  researchee, 
referring  principally  to  long,  thin  rods,  to  annealing  temperatures  below 
500°  C,  and  to  the  soft  state,  are  herewith  made  pablic.  The  second 
part,  on  the  behavior  of  short,  thick  rods,  and  on  the  tnfloence  of  tem- 
peratures between  100°  and  1,000°,  will  have  to  be  reserved  for  another 
communication.    We  may  add,  more  specifically,  that  for  the  30  rods 

L 

varied  between  a=  120  and  a  =  10.  Bat  the  data  in  this  chapter  ena- 
ble as  to  predict  the  magnetic  behavior,  even  for  magnets  in  which  the 
said  ratio  (a)  lies  *eIow  10  or  above  120,  with  a  degree  of  probability 
amouDting  almost  to  certtiinty.  But,  In  view  of  the  importance  of 
thick  magnets,  now  so  largely  nsed  in  magnetometric  and  galvanomet- 
ric  work,  a  new  research  on  this  subject  seems  pertinent.  Similar  re- 
muks  apply  to  high  annealing  temperatures. 

We  conclude  this  paragraph  with  the  appropriate  remark  that  our 
knowledge  of  the  excessively  complicated  pbeDomena  under  considera- 
tion can  be  advanced  by  tentati.ve  methods  alone:  'The  mathematical 
theory  of  the  subject,  even  in  case  of  homogeneoos  material,  encoun- 
ters formidable  and  almost  insuperable  difficulties.  Bnt  we  will  be 
able  to  show  in  the  sequel  that  the  condition  of  internal  strooture  is 
one  of  the  most  essential  factors  which  determine  the  magnetic  charac- 
ter of  the  (tempered)  rod.  Again,  the  investigation  of  the  true  nature 
of  the  structural  properties  of  hard  steel  is  surrounded  with  difficulties 
which  will  long  baffle  the  experimentalist's  skill.  For  in  all  such  meth- 
ods, like  the  one  which  Fromme  pursued  in  order  to  obtain  preliminary 
data  on  the  condition  of  the  interior  of  a  steel  rod,  and  in  which  the 
external  layers  are  gradnally  and.  conseentively  removed  by  acids  or 
otherwise,  we  apprehend  that  the  rod,  for  the  very  reason  of  tiiis  re- 
moval, will  change  its  physical  condition  (strain)  while  in  the  haodnof 
the  operator.  Long  before  we  reach  the  core  of  the  rod  its  density  aad 
electrical  properties  must  be  conceded  to  have  changed  materially. 
Nevertheless,  we  infer  that  the  stractare  of  tempered  steel  is  of  a 
tboronghly  definite  and  distinct  character ;  that  this  is  emphatically 

'■■  This  inference,  which  we  pnblisbed  in  the  same  form  in  IKS,  baa  eiiuie  been  oor- 
Toborated  by  H.  Hejer,  in  hia  paper  "UeberdieHaguetisiiiingHfiuictian  von  Btahl  n. 
Nickel,"  Wied.  A.au.,  XVUl,  p.  24e,  1883.  Meyer  contends  that  Tbonmon's  lawia  true 
neither  for  soft  nor  for  hard  steel  roda. 
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demoBstrated  by  beaQtiflil  coosiBtent^  and  aniformity  of  our  different 
series  of  results,  obtained  with  different  steel  rods,  t«mpered  at  differ- 
ent times. 


ON  THE  MATEBIAL  DSED. 

The  steel. — The  steel  chosen  was  that  described  in  the  previous  chapter. 
It  was  received  in  the  shape  of  rods  30  centimeters  long  and  fhim  0.0S4 
centimeter  to  0.150  centimeter  in  diameter.  These  were  hardened  as 
shown  above  (Chap.  U,  pp.  29-31).  Analyses  are  saperflnons,  as  it  is 
onr  Intention  at  present  to  study  the  results  for  a  single  value  of  the 
variable  parameter,  carbnration,  only ;  or,  i  d  other  words,  to  investi  gate 
the  magnetic  behavior  of  a  given  type  of  steel.  From  the  large  supply 
of  tempered  rods  eucb  were  chosen  as  not  only  showed  a  maximum  of 
thermo-electric  hardness  for  the  glass-hard  state,  but  also,  when  tested 
for  longitudinal  homogeneity  in  the  manner  described  in  pages  38, 121, 
gave  the  most  satisfactory  results.  . 

Rods  of  like  eompotition,  tAidtne**,  temper. — At  the  outstart;  we  were 
ioclined  to  infer  that  i^m  rods  of  the  same  kind  of  steel  (composition), 
of  the  same  thickness,  and  tempered  in  the  same  manner — in  so'far  ns 
the  details  of  this  process  are  at  the  observer's  control— comparable 
values  of  the  maximom  of  magnetic  intensity  could  be  immediately  de- 
rived. For  the  purpose  of  testing  this  supposition,  rods  of  nearly  the 
aanie  thermo-electric  haidness  (II,  p.  65),  but  of  different  lengths,  were 
broken  iVom  different  samples  of  the  class  of  rods  experimented  upon. 
These,  after  having  been  subjected  alike  to  the  action  of  the  same  mag- 
netic field — in  our  case  of  unnecessarily  great  intensity  and  foirly  uni- 
form— according  to  Thomson's  law  onght  to  have  retained  a  moment  per 
unit  of  mass  each  as  would  be  expressible  by  the  same  function  of  the 
ratio  of  length  to  diameter.  Moreover,  as  the  thickness  of  the  rods 
chosen  was  practically  the  same,  this  function  would  have  to  increase 
to  a  certain  limiting  valne,  as  the  corresponding  lengths  increased  ftom 
zero  indefinitely. 

These  anticipations  were,  however,  by  no  means  realized.  In  this 
place  it  will  be  well  to  add,  by  way  of  example,  each  results  as  are  par- 
ticularly applicable  for  the  illbstration  of  the  consideration  jnst  made: 

A  magnet  4.1  centimeters  long,  0.084  centimeter  thick,  weighing 
0.173  gram,  specific  resistance  s=39.8  at  17.6  degrees,  after  saturation 
was  foand  to  have  the  specific  magnetism  m=43.0}  whereas  uiother 
specimen  taken  from  a  different  rod,  the  magnet  being  only  3.05  centi- 
meters long,  0.084  centimeter  thick,  weighing  0.131  gram,  specific  re- 
sistance «=30.4  at  18.5  degrees,  after  saturation  had  retained  m=52.0; 
whence  it  appears  that  in  tiie  second  case,  notwithstanding  the  fact  that 
the  length  (or  ratio  of  dimensions)  was  only  about  three-fourths  of  tliat 
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iti  the  first,  a  very  decitled]y  greater  ioteoBity  of  magnetazation  was  at- 
tainable. This  is  hardly  referable  to  a  difference  of  composition.  In 
all  probability  tbe  result  is  to  be  associated  with  peculiarities  of  the  in- 
ternal stractnre  of  the  roda 

The  following  example  is  stilt  more  to  ttie  jwint: 

A  magnet  (a)  S.O  centimeteis  long,  0.084  centameter  thick,  weighing 
0.214  gram,  of  the  specific  resistance  «=40.4  at  18.5  degrees,  had  re- 
tained the  specific  magnetism  m=45.8 ;  another  taken  &om  a  second 
rod  of  the  same  thickness,  the  magnet  {b)  being  5.9  centimeters  long,  as 
before  O.0S4  centimeter  thick,  weighing  0.249  gram,  of  the  sjiecific  re- 
sistance 8=39.7  at  18.3  degrees,  gave,  after  saturation,  m=45.0. 

In  order  to  arrive  at  some  inference  as  to  the  canse  of  this  difference 
of  magnetic  state,  both  the  magnets  last  mentioned  were  slowly  an- 
nealed, at  first  for  a  period  of  ten  hours  in  Bt«am,  thereapon  for  an 
additioual  period  of  ten  honre  in  aniline  vapor  at  185  degrees,  finally 
for  one  bonr  in  melted  lead  at  330  degrees.  After  this  both  were  soft- 
ened by  heating  to  redness  and  coQling  slowly.  For  each  of  the  par- 
ticDlar  states  of  hardness  thna  obtained  the  specific  resistance  was 
measured.  The  rods  were  then  magnetized  to  saturation  and  their 
magnetic  moment  determined.  The  results  of  these  precursory  experi- 
ments are  given  in  the  following  table: 
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From  an  inspection  of  the  table,  or  of  Fig.  15,  it  is  obvious  that  at 
330°  (lead  bath)  the  magnetic  intensity  of  the  longer  magnet  0)  has 
overtaken  that  of  (a),  but  it  is  not  until  bsth  magnets  are  quite  soft 
(homogeneous)  that  the  normal  behavior  fully  appears.  It  is  to  be  noted, 
however,  that  this  exjteriment  is  not  in  itself  perfectly  conclusive.  The 
jnflnence  of  carburation  is  principally  eflSeient  in  the  glass-hard  state; 
X :  i>,  if  its  value  be  as  large  aa  in  the  present  case,  less  so.  In  the  soft 
state,  however,  the  effect  of  L:  D  predominates.  It  would  be  possible, 
therefore,  with  dae  consideration  of  the  values  of*,  to  ascribe  the  results 
obtained  to  a  difference  of  carburation  between  (a)  and  (6).  Tbe  nearly 
equal  values  of  specific  resistance  for  the  soft  state,  especially  when 
viewed  in  tbe  additional  light  given  by  tbe  first  example,  make  the  lat- 
ter inference  improbable. 

Each  serieii  of  magnets  originally  integrant  parts  of  tke  same  hard  rod. — 

The  individuality  of  behavior  of  different  rods  (t.  e.,  such  as  are  not 
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pieces  of  the  same  homogeneous  nxl,  thongh  otherwise  identical)  ap- 
pears, therefore,  to  be  conclusively  demonstrated.'** 


\ 

3 

i 

\ 

1 
i 

i 

+w        \ 

\4_^ 

1 

«                            aj>                           «.     (-«™.,«™«».(J 

Besults  of  this  kind— a  number  of  other  examples  might  be  cited — 
urge<l  the  inference  upon  us  that  only  in  the  case  where  magnets  are 
broken  from  one  and  the  same  longitudinally  homogeneous  hard  rod, 
can  comparable  and  Iiarmonious  results  be  expected.  Add  to  this  the 
fact  that  the  ft^uent  reheatings  to  redness,  necessary  in  drawing  a  wire 
to  small  diameter,  Imply  a  difference  of  carburatioit  iii  diCferent  samples, 
for  this  reason  alono.  However  Insignificant  this  may  appear  to  be,  we 
were  convinced  that  its  effect,  where  accurate  results  are  called  for,  is 
by  DO  means  negligible.  These  instances  are  adequate  to  give  emphasis  , 
to  the  statement  above  made,  that  each  rod  mast  be  esaraiued  and 
treated  separately.  Indeed,  a  better  opinion  of  the  longitndinal  homo- 
geneity of  a  wire  can  be  formed  subsequently  from  an  inspection  of  the 
behavior  of  the  diSerent  magnets  taken  out  of  it,  than  could  be  formeil 
at  the  outset  by  the  aid  of  the  electrical  properties  of  different  parts  of 
the  rod  in  question. 

Unfortbuately,  thin  (diameter  =  2p  =  0.084  centimeter)  glass-hard 
rods,  of  the  same  hardness  ttiroughout  their  length,  out  of  which  mag- 
nets of  th&'kind  desired,  having  different  values  for  the  ratio  of  dimen- 
sion (L :  D)f  can  be  broken,  are  only  obtainable  with  great  difficulty. 

">  It  isqalUi  clear  tliBt  even  the  details  of  the  proceas  of  temperiug  have  An  important 
bearing  on  the  magnetic  intensity  of  bard  roda.  A  single  rod  repeated  tj  rebardened 
ahowa  very  marked  differeaceaia  the  tnasimnm  of  permanent  magnetization  foioom* 
in&IlT  the  same  stute. 


inallf  the  same  state. 
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Even  those  Tvhich  were  bere  finally  accepted  aa  the  beat  for  tbe  preseut 
purposes,  after  the  test  for  homogeoeity  waa  applied,  proved  to  be  sat- 
isfactory for  only  two-thirds  of  their  length.  Tbe  remaining  third  had 
to  be  discarded.  There  are  some  drawbacks  in  the  way  of  heating  a 
thin  steel  rod  oniformly  by  means  of  the  electric  cnrrent.  Greater  diffi- 
cnlty  is  encountered  in  diilUng  it  suddenly  and  alike  throagbout  ite 
length,  in  conseqaence  of  the  large  rate  at  which  radiation  takes  place. 
Our  thick  rods  (diameter  =  2/>=  0.150  centimeter)  were  much  more  uni- 
form. The  samples  selected  from  onr  supply  showed  differeoces  of  elec- 
trical conduct) Tity  for  different  parts  of  their  lengths,  amounting  to  only 
a  few  tenths  of  one  per  cent. 


UETUOD   OF  MAGNETIZATION. 

Relix.  MagTuetie  field. — Magnetization  was  effected  by  tbe  indnctive 
action  of  a  galvanic  cnrrent  in  a  helix.  As  a  source  of  current  tbe 
Hefner- Alteueck  dynamo-electric  machine  of  the  Physical  Institute  of 
Wiirzbcrg  was  at  oar  disposal.  A  magnetic  field  of  very  great  intensity 
could  thus  easily  be  produced,  and  discrepancies  due  to  non-saturation 
werp  therefore  not  to  be  apprehended. 

Tbe  helix  referred  to  (length  2a=22.3  centimeters,  inner  radius  r=2.1 
centimeters,  outer  radius  »-=6.3  centimeters)  contained  ten  layers,  in 
each  of  which  tJiere  were  n=55  tnrns  of  thick  copper  wire. 

If  a  current,  t,  circulates  through  tbe  helix,  the  magnetizing  force  X^ 
at  a  point  on  its  axis  at  a  distance  h  fitim  its  center  will  be 
nm  r        a+fc  <t— ft 


X,:=~ 


im  r       a+p  <t— ft       -| 

a    Lv'(a-|-J)»+»^    V(a^)*+pJ 


In  our  case  the  mean  value  of  curreut  was 

i«3.02!!i^=30  Ampferes 

tec  '^ 

If  this  valne  is  introduced  into  tbe  formula  specified  and  the  aggre- 
gate of  the  valne  of  X^  calculated,  tbe  total  intensity  SX^  of  tbe  mag- 
netic field  at  different  points  h  (cm)  on  tbe  axis  varied  as  follows: 


2X1= 

0 
884 

tea 
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m 

:. 

•»;•» 

(JL) 

If  it  be  remembered  that  the  diameter  of  our  magnets  was  less  than 
1  millimeter,  these  figures  show  in  how  &r  tbe  field  by  which  magneti- 
zation was  effected  may  be  said  to  have  been  uniform.  The  longest 
magnet  was  10  centimeters.  In  this  extreme  case  the  variation  of  force 
throagbout  its  length  amounted  to  less  than  i  per  cent.  In  the  more 
('10) 
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asaal  case  of  maguots  of  leBSer  leugtb  mncb  Bmaller  Tariations  prRsent 
tliemselves.  *On  the  other  baud,  where  permanent  maguetiam  in  alone 
of  interest  and  the  field  of  great  intensity,  the  deaideratom  of  uniformity 
is  peiiiaps  of  minor  importance. 

The  mean  intensity  X  of  the  magnetizing  force  doe  to  a  single  layer 
of  wire  and  corresponding  to  a  length  2b  (cm)  symmetrically  located 
with  re8i)ect  to  the  center  of  the  helix  is 

X==?[^(5+J?+?-  V(i--i)>+-H] 

Id  the  present  ease  the  aggregate  SX  of  these  means,  or  the  mean 
intensity  of  the  field  due  to  the  whole  helix,  corresponding  to  the  part 
2b  of  the  axis  situated  as  specified  was 
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The  largest  valnes  of  SX  employed  by  Baths,  for  instance,  in  bis 
researches  on  temporary  magnetism,  were  SX=iO  for  iron  and  2X=147 
for  steel.  There  can  be  no  doubt,  therefore,  that  in  our  ease  the  most 
complete  sataratiou  possible  was  actually  attained.  Indeed,  we  had 
frequent  occasion  to  convince  ourselves  that  successive  mognetizatioQ 
produced  no  additional  effect  equivalent  to  one  per  cent,  of  the  whole 


Magnetization. — In  the  case  where  magnetism  is  induced  by  means  of 
a  helix,  the  question  in  reference  to  the  manner  in  which  the  magnets 
are  to  be  introdaced  and  withdrawn  firom  its  aedoc  is  always  of  import- 
ance. Some  observers,  among  them  J.  Wiedemann  and  0.  Fromme, 
placed  their  magnete  in  the  helix  after  the  current  bad  been  closed  and 
vitlidrew  them  before  breaking  it  In  this  way  the  complications  due 
to  certain  undesirable  induced  currents  are  avoided.  At  the  same  time, 
however,  the  advantages  of  a  uniform  field  are  lost  and  a  normal  distri- 
bution of  magnetism  possibly  interfered  with.  For  the  last  mentioned 
reasons,  Holz  and  Fromme  preferred  to  open  and  close  the  current  while 
the  rod  to  be  magnetized  lay  in  place.  Both  methods  have  been  made 
the  subject  of  an  experimental  comparison  by  Fromme."* 

We  gave  preference  to  neither  of  these  methods,  bat  chose  a  plan 
which,  under  the  circumstances,  was  also  the  most  convenient.  It  con- 
sisted in  allowing  the  current  to  increase  flrom  zero  to  its  maximum  value 
gradually  and  then  again  to  wane  in  the  same  manner.  This  may  be 
aatisfavtorily  accomplished  by  appropriately  applying  the  power  to  the 
dynamo-electric  machine.  We  think  we  are  justified  in  the  belief  that 
in  this  way  tb^  permanent  magnetic  moment  is  finally  weakened  only 
to  a  negligible  extent,  at  least  to  a  smaller  amount  than  in  either  of  the 
other  methods. 

'=*C.  Pronimo,  Wied.  Auu.,  V,  p.  346,  Wia 
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In  order  to  give  tbe  magueto  the  desired  symmetrical  poaitioa,  rela- 
tively to  tiie  lielis,  a  glaas  tube  was  necared  coaxially  witli-lt.  Into  one 
end  of  this  the  little  lods  were  mtrodmced  to  be  drawo  into  its  cent^ 
by  tbe  force  of  magnetic  attraction,  Eacb  rod  was  maguetized  twice, 
au  interval  of  about  30  seconds^  intervening. 


HEASUBEHBNT  OF  HAONBTIC  MOHBHT. 

Apparatus. — Tbe  magnetic  momenta  of  tbe  wires  were  derived  from 
tbe  deflection  of  a  email  magnetized  steel  mirror,  observed  aiter  tbe 
manner  of  Poggendorf  with  telescope  and  scale.  We  made  nse  of  an 
appliance  dne  to  Professor  KoblrauBcb,  by  meana  of  which  the  attached 
magnets  coald  always  again  be  brongbt  into  tbe  same  position  relatively 
to  tbe  mirror,  and  rotated  180^  around  tbe  vertical.  Both  the  first  and 
the  second  method  of  Gaass  were  applied. 

The  apparatus  consisted  of  a  solid  brass  ring  provided  with  leveling 
screws,  trom  which  two  vertic^  colnmns  of  the  same  metal  arose  sap- 
porting  a  circle  graduated  in  degrees.  An  albidade,  with  two  ver- 
niers, resting  on  conical  bearings,  occapied  a  central  position  within  the 
latter.  A  horizontal  brass  bar,  in  connection  with  the  middle  of  the 
albidade,  and  adjustable  with  reference  to  the  vertical,  carried  on  its 
lower  edge  the  special  device  above  referred  to,  by  tbe  aid  of  which 
tbe  magnets  were  appropriately  fastened  in  position.  Tbin  apparatus 
was  fixed  in  place  and  adjoated  at  the  outset,  and  the  distance  be- 
tween tbe  asis  and  that  of  the  needle  determined  once  for  all.  Id  this 
way  tbe  relative  values  of  the  tnomeuta  of  our  magnets  (and  ib  is  from 
these  that  the  results  of  the  present  paper  are  principally  deduced)  are 
independent  of  disorepanciea  introduced  by  errors  in  tbe  determination 
of  the  distance  between  magnet  and  mirror. 

Method. — In  calculating  the  reanlts  we  made  ose  of  the  ordinary 
formula) 


for  the  firat,  and 

M=  - 

for  the  second  of  the  positions  of  Gauss,  where  T  is  the  horizontal  in- 
tensity of  terrestrial  magnetism  at  the  place  where  the  observationa  are 

made  (  in  our  case  T=  0.196  ^h^t^  ),  *"  the  distance  between  magnet 
and  needle  (in  our  adjustment  r=26.34  centimeters),  rp  Hie  angle  of  de- 
x>  Frankenlieim  \ra«  tbe  first  to  ahow  that  the  namber  of  times  a  magnet  is  eipoveil 
in  ft  given  field,  aud  not  tbe  duratioa  of  sncb  ezposare,  ta  of  marked  inSueuce  on  Iho 
lesnltaot  moment  (Pof^g.  Ann.,  LXXIII,  p.  49, 1864 }. 
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flectioti,  I  tbe  distance  between  the  poles.  We  assumed  2—0.83  X  where 
L  is  tlie  length  of  the  magnet.  This  approsimation  is  snfflcient  becanse 
the  term  of  the  above  formulee  involving  I  is  only  of  the  uatore  of  a 
correction. 

The  measurements  were  made  at  ordinary  temperatures,  varying  be> 
tween  mo  and  2V>.  The  effects  of  the  changes  in  the  magnetic  moment, 
as  well  as  those  due  to  variation  of  terrestrial  magnetism,  we  repcarded 
negligible.  This  is  also  true  with  reference  to  tbe  torsional  discrepancy 
of  the  silk  fiber  (the  torsion-coefficient  was  found  to  be  only  0.00032). 

Is  addition  to  tbe  magnetic  moment  Jd  of  tbe  whole  i-od  we  sball  give 
throoghont  the  moment  nt  per  unit  of  mass  (1  g.).  To  this  quantity 
the  name  tpedjic  magnetUm  has  been  given.  In  the  case  where  a  num- 
ber of  different  magnets  are  compared  it  is  a  more  perspicuous  result 
than  the  former. 


DbTEBHINATION  OF  THE  DEOBEE  OF  HARDNESS 

KesUiance  meatvrement. — Of  the  two  methods  of  estimating  the  hard- 
ness of  the  rods  proposed  in  Chapter  II,  one  of  wbicb  depends  upon 
thermo-electric  properties,  the  other  ui»ou  the  specific  resistance  of 
steel,  we  choso  the  latter  bec-ause  of  its  greater  simplicity.  Here  again 
it  was  our  object,  primarily,  to  arrive  at  accurate  relative  values,  and 
tbis  we  were  able  to  accomplish  satisfactorily  by  the  aid  of  Matthiessen 
and  Hockiu's  modification  of  the  bridge.  In  one  of  tbe  branches  of 
Wheatstooe's  combioatiou,  the  bridge  cylinder  of  F.  Koblraus<'h  (dia- 
gramatically  represented  in  Fig.  16  by  the  straight  line  Ali)  wus  in- 
serted; in  the  other  the  steel  wire  i>iDg, 
whose  resistance  is  to  be  measnrod,  and 
a  tenth  Siemens  unit  Z^Zt,  tbe  whole  being 
appropriately  connected  with  thick  cop- 
per wire.  Flat  clamp-screws  of  brass 
pressed  tbe  steel  rod  down  firmly  upon  a 
plane  surface.  In  this  way  the  danger  of 
breaking  the  very  brittle  magnets  was  less 
seriously  to  be  apprehended.  Tbe  normal  no.i(i.-Di.p<»iti.  =  ot«^»,(or»i. 
ZtZtvaa  madeof  heavy  German  silver  wire  ii«tiuic8  lueunrcneut. 

soldered  to  thick  terminals.  These  were  amalgamiited  and  in  gal- 
vanie  connection  with  the  bridge  by  means  of  mercury.  From  the 
points  ^  And  B  the  copgier-coniiecting  wires  lea<l  to  a  galvanometer, 
the  defiections  of  which  are  observed  with  telescope  and  scale.  As  a 
source  of  current  two  Smee  elements  wore  found  sufficient. 

In  figure  16,  if  tbe  points  Vi,  A,  Z^,  Z^  correspoud  to  the  points  Jlf,, 

^u  ^3)  ^*i  ^Q  such  a  way  that  when  connected  respectively  with  the 
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terminal  of  the  battery,  the  carrent  in  the  galvanometer  (S)  is  zero,  we 
have 

■Di.  A  _  M„  Mt 

To  obtain  the  poiuts  of  contact  Di  and  D„  we  made  uee  of  two  steel 
needles,  ttie  points  of  which  had  been  flattened  wedge-shaped.  These 
were  fastened  parallel  to  each  other,  and  at  a  flsed  distance  apart,  in  a 
small  piece  of  wood.  To  their  tops  the  ends  of  two  long  thin  copper 
wires  were  soldered.  This  arrangement,  after  haviug  been  screwed  to 
a  longer  r"-6haped  piece  of  wood,  along  which  the  copper  wires  were 
leil,  represented  as  a  whole  a  kind  of  tripod,  two  of  the  feet  being  the 
steel  needles  mentioned.  Daring  the  meaanrements  the  latter  stood 
on  the  steel  rod  to  be  tested.  Small  clamp-screws  served  for  connect- 
ing the  battery-wires  with  the  terminals  of  this  apparatus,  these  being 
suflSciently  long  and  thin  that  the  snccessive  clamping  and  nnclatnping 
did  not  interfere  with  the  adjastment  in  8a<di  a  way  as  to  slide  the 
points  2>i,  Di  along  the  steel  rod,  for  instance. 

This  simple  contrivance,  which  Is  easily  improvised,  gave  ns  results 
of  the  most  satisfactory  kind.  Oar  resistances  were  rarely  larger  than 
a  few  handredtha  ohm.  Nevertheless  they  were  determinable  with  an 
accuracy  of  a  few  tenths  per  cent,  with  certainty.  Our  mirror- galvan- 
ometer enabled  ua  to  adjust  the  sliding  contact  on  the  bridgecyUuder 
of  Kolilranaeh  to  tV  •'*  scale-part,  or  jzhis  of  the  length  of  the  wire  A, 
B.  In  virtueofa  fixed  distance  i)],i^— we  possessed  a  number  of  these 
arrangements  to  be  used  according  as  a  larger  or  a  smaller  wire  was  to 
be  operated  upon — in  view  of  the  stability  of  the  apparatus  as  a  whole, 
and  of  the  feet  that  all  operations  were  condaeted  in  a  room  of  prac- 
tically constant  temperatnre,  an  unasnal  accoracy  in  the  relative  data 
was  attained. 

It  is  obvious  that  this  method  is  applicable  at  once  as  a  test  for  the 
degree  of  uniformity  of  hardness  along  the  length  of  the  wire.  By 
placing  the  contrivance  just  described  on  different  consecutive  lengths 
without  making  any  farther  alteration  in  the  adjustments,  the  respect- 
ive reaistances  of  these  parts  could  be  Kubjected  to  a  minute  comparison. 
Tbls  famishes  us  with  the  criterion  desired. 

Great  difQcnlties  were  encounteD^d  in  the  measurement  of  the 
sections  of  the  ateel  wires.  We  determined  the  diameter  microscopic- 
ally, with  the  aid  of  an  ocular  micrometer  of  known  factor.  Tno  read- 
ings, corresponding  to  diameters  at  right  angles  to  each  other,  each 
pair  taken  at  a  number  of  different,  approximately  equidistant  parts  of 
the  wires  were  made.  The  mean  of  these  individual  values  was  accepted. 
Tbis  plan  was  fairly  good  in  so  far  as  the  error  made  in  the  measurement 
of  the  sections  does  not  influence  the  relative  valuea  ot  resistance. 

From  the  observed  reaistanceof  any  wireat  t  degrees,  the  valae  of  this 
Quantity  per  meter,  in  ohms  (ic),  was  calculated.  A  knowledge  of  the  tem 
(7UJ 
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pcratare-coeffideDts  of  steel^  then  enabled  as  to  dedace  herefrom  the  spe- 
ciQc  resistance  (reeifitaDce  in  microhms  between  opposite  faces  of  a  enbio 
centimeter)  for  the  temperature  0°.    This  value,  s  (  ^^  0^  microhm], 

has  been  adopted  as  a  measare  of  hardness. 

From  g,  the  thermo-electric  hardness  of  our  wires  may  be  calcalated 
by  the  aid  of  the  formula 

h=0  .412  s 

lu  ihis  way  the  present  scale  of  hardness  is  made  identical  with  that 
previously  employed  in  onr  work  oo  the  phenomena  of  annealing.  Tlie 
data  h  are  therefore  proportional  to  the  speciAc  resistances  of  the  steel 
rods  and  have  a  very  simple  connection  with  the  respective  thermo- 
electric constwits  a,  as  has  been  shown  elsewhere.'" 


METHOD   OF  ANNEALIKQ. 

Syitematic  plan. — lu  the  different  series  of  experiments  the  glass- 
hard  state  was  ehoseu  as  the  point  of  depaiture.  After  the  rods  had 
been  examined  with  reference  to  their  hardness  in  the  way  described, 
they  were  magn^zed  to .  saturation  and  their  magnetic  moment  de- 
termined. Thereupon  we  exposed  them  to  the  annealing  effect  of  steam 
at  100°.  A  sufficiently  small  decrement  of  hardness  resulted  by  contin- 
tiingtheoperatioufiDroue  hour  at  fir8t,aud  then  for  additional  two,  three, 
and  four  hours,  amounting  in  the  aggregate  to  ten  honrs  of  exposure. 
This  is  sufficient  to  bring  the  rod  as  near  the  limiting  state,  or  the  maxi- 
mum of  permanent  hardness  corresxmnding  to  100°  as  is  easily  practi- 
cable. 

The  magnets  were  now  subjected  to  the  action  of  aniline  vapor  at 
185°,  during  successive  intervals'  of  twenty  minutes,  forty  minutes,  two, 
fonr,  and  Anally  six  hours. 

A  lead  bath  at  330°  was  uext  chosen .  A  t  first  the  magnets  were  an- 
nealed therein  for  a  time  of  one  minute  only.  Then  the  action  was  pro- 
longed to  oue  hour.  In  the  lat«r  experiments  the  melting  point  of  tin 
(240°)  as  well  as  that  of  zinc  (12U°)  were  found  serviceable  as  temper- 
atures of  annealing. 

Finally  the  rods  were  thoroughly  soAened  in  the  usual  way,  by  Iieat- 
iug  to  redness  and  cooling  very  ^owly.  To  avoid  oxidation  of  the  mag- 
nets we  imbedded  them  in  pulverized  artificial  ferro-ferric  oxide,  snr- 
rounded  this  with  fire-clay,  and  finally  enveloped  the  whole  with  a 
piece  of  gas-pipe. 

In  this  way  we  obtained  about  twelve  distinct  states  of  hardness,  dis^ 
tnbuted  with  &ir  uniformity  between  the  glass  liard  and  soft  stittes,  as 

'»  Cf.  Chapter  L  '"Chapter  II,  p.  63. 
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extremes.  It  is  only  betwt^o  tbe  soft  condition  and  that  correst^onding 
to  tbe  temperature  300°  of  the  annealing  bath  that  a  greater  niimberof 
dettr^B  of  hardness,  as  oui  resnits  eventaally  showed,  would  have  been 
desirable.  Particnlarly  in  the  case  of  long  magnets  there  appear  within 
this  interval  changes  of  magnetic  capacity  of  avery  significant  character, 
changes,  oioreover,  which  cannot  be  satisfactorily  aapplied  by  a  process 
of  int«rpolation  based  on  the  data  for  neighboring  states. 

Ailer  the  magnets  had  been  taken  oat  of  the  annealing  bath  it  was 
our  cnstom  to  pat  them  aside  for  Eome  time  in  order  to  allow  a  complete 
cessation  of  possible  "after"  efl^ects.  Thereapon  the  test  for  hardness 
was  applied. 

Seivlta  of  the  annealing. — ^Tfae  progress  of  annealing  in  the  different 
experiments  is  fully  given  in  the  following  tables: 

Table  tT.—Tkin  nrire. 

li^uiO.OM  oesttawter.] 


'^ 

OanJcrabm. 

RodL 

BodlL 

38.5 

SI 

i 

1S.T 

Table  A8.~TliU:k  ujr«. 

|2#»I).1S  M 


I>e«icrli.tlwiofWi»por. 

Rod  IX. 

MI 

Bod  XL 

KodSU. 

11 

li 
1; 

M.8 

'il 

11 

li 

23.S 

Si 

418 
H.S 

11 

1; 

l&Z 

AnnoBlrd  20  mlnDtes  In  uillne  T&pnr  at  1KS° 
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la  how  far  we  are  justified  in  regarding  the  scale  of  hardness  for  rods 
in  the  magnetized  state  as  cfFtens  parihu*  identical  with  the  scale  corres- 
ponding to  the  unmagnetized  state  has  been  fall;  discussed  in  the  pre- 
vious chapter  on  the  thermo-ele^tTic  effect  of  magnetization.'** 


MAGNETIC  BE8DLT8  FOR  BODS  OF  LABQE  DIHENSIOy-BATLO. 

Description  of  magnett. — ^The  results  of  the  experiments,  the  plan  of 
which  lias  been  fhlly  detailed  in  the  preceding  paragraphs,  are  given  ill 
the  following  tables. 

The  first  experimeota  were  made  with  wire  of  smaller  diameter. 
Breaking  rod  No.  I  into  three  parts,  we  obtained  the  magnets  Nos.  1, 2, 
3 ;  and,  similarly,  the  magnets  Kos.  6, 9, 10,  from  rod  ffo.  II.  Acciden^ 
ally,  the  longest  of  these,  "So.  10,  tluring  the  conree  of  the  experiments, 
was  further  broken  into  parts,  wliicb,  however,  in  their  turn,  were  avail- 
ablefor  m^nets.  Ko8.5, 7,8  were  tbos obtained.  All  magnets  arenum- 
bered  in  the  order  of  their  respective  lengths.  The  following  table  (49) 
contains  certain'  important  physical  constants  of  the  ten  rods.  We 
measured  their  dimensionB  first  while  they  were  in  the  glass-hard  state; 
then  after  the  Tarions  stages  of  annealing}  finally,  before  and  after 
thoroagh  annealing  at  red  heat.  In  this  way  we  were  able  to  arrive  at . 
numerical  data  forthe  simnltaneoaa  volame-eontractiou  with  some  accn- 
racy.  Mean  values  are  given  in  the  tables.  In  calculating  the  specific 
gravity,  J,  from  the  mass  and  dimensions  of  tlie  indivldnal  rods,  our 
raaiQ  object  was  that  of  checking  the  nieasarement.  In  view  of  the 
small  diameter,  J  will  not  be  correct  within  1  per  cent. 

Tablk  49.— CwutiMtj  of  magneU. 
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"^r 
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10 

m 

ose , 

IS 
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11.  M 

4B.4 

m.s 
M.a 

mi 

'.'.?iT~ t 

n. 
j„^«m- 

The  degree  of  homogeneity  of  these  rods  may  be  satisfactorily  inferred 
from  the  data  for  ».  In  the  case  of  Nos.  1,  5,  6,  the  method  for  the 
measurement  of  resistance  could  not  readily  be  applied,  the  rods  being 
too  short.    We,  therefore,  ppeferred  to  accept  in  place  of  such  direct 

I*  wi^  Ann.,  aatv,  ^  h  laai.  ct  w.  bwu,  Pogg.  am.,  cxxviii,  p.  193,  ie6«. 
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resalts,  the  values  dedacible  by  iaterpolatfOD  from  those  obtained  from 
rods  of  like  origin.  Data  of  ttiia  kind  are,  however,  diBtinguished  in 
the  next  table  by  an  asterisk  (*)  preceding  the  numbers. 

Magnetic  data. — The  magnetic  measarements  were  made  in  the  second 
position  of  Gaties.  The  nnmerical  values  of  the  couBtants  occurring  in 
the  formnlEB — 

are  as  follows: 

TsOJOe-"*"  r=26.34om  ie=207.4cm 

The  results  of  the  magnetic  measarements  are  these : 

Table  50.— fetation  M»»n»  tkt  magnaHe  ooiulawf*  oftltel  and  liardntm. 
1.  MagruliUithiglaa^ardilatt. 
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4.  Magftt,  ammiitd  B  Aowr  in  Itom. 
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Table  HO. — BeUttiom  belteeen  th«  magnttic  eontiante  of  iteel  and  harineit — ContinuetL 
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Table  Wl.—llrlaliont  helicetn  the  fHagvftlc  fonflatili  ef  itrel  and  haTdKat—Coativoei. 

10.  Jfojnuu  annealed  13  houri  in  aniline  ra|wr. 
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SESULTS  WITH  B0D6   OF  SMALLER  DIMENSIONAL   RATIO. 

Description  of  magnets. — The  rods  nsed  in  tlie  preeent  experiments 

differ  from  the  others  principally  in  two  respects ;  in  the  first  place,  the 

nuaimain  of  attainable  hardaesa  is  here  of  mach  larger  tbIdo  tJian  io 

(720) 
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the  earliur  work;  in  the  Beoond,tbe  degree  of  loogita^al  homoge- 
neity iu  the  glass-hard  state  (and  we  may*accept  this  as  a  fair  evi- 
deuce  of  strnetoral  ODifonnity  throughont  the  chosen  leogths)  far  eur- 
passee  that  hitherto  obtained.    Hardness  was  carried  even  as  far  as 

«  =  47^  (^~i  ^  microhm  ^ ,  In  conscqaence  of  the  exceptional  hom- 
ogeneity mentioned,  we  find  that  the  magnetic  data  are  in  excellent  ac- 
cordance. 

With  the  object  of  arriving  at  corroborative  results,  two  pairs  of  wires 
of  approximately  identical  degrees  of  galTtmic  hardness  were  selected. 
These  are  nambered  IX,  X,  and  XI,  XII.'^  Each  of  these  was  broken 
into  magnets  such  that  the  dimension-ratios  a:  =  10,  20,30,  40,50,  ob- 
tained.'" Certain  important  physical  coDstants  of  these  20  magnets, 
Nos.  21  to  40,  have  for  coavenienoe  of  reference  here  been  tabulated. 
The  remarks  which  precede  Table  49  apply  to  Table  51. 

T1B1.X  SI.— Cotutan(>  ofuutjMel*. 
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Homogmeity. — ^Tbe  criterion  for  homogeneity  was  applied  in  the  man- 
ner described  in  p.  121  by  carefully  examining  the  rod  under  experiment 
with  reference  to  the  electrical  resistance  of  the  parts  between  six  equi- 
distant points,  abont  6  centimeters  apart.    We  believe  it  expedient  to 


"*TbeDuuiinniD  hnrdnoss  observed  with  tbe  older  mat«Tiftl  w*a(= 
nDiU  at  1»°,  therefore  »bont«=44.&  (^QOmioroluu).    Cr.  WLed.  Ann.,  xl,  p.  915, 

■"The  rods  III  to  IX  and  tlie  magnets  Noa.  11  to  20  are  diBcnaaed  in  the  following 
chapter. 

™  Of  conrae  this  can  only  be  done  »ppcaximate1j.    It  i»  not  eas;  to  break  a  glaas- 
hard  rod  accurately  at  a  given  point. 

Bull.  14 9  (721) 
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.tnke  tbe  preient  opportanity  of  cotumiiDioatiDg  some  of  these  results 
by  va;  of  example.  TaGle  S2  eontuBB  (oolnmos  2  to  5}  the  readiui;s 
immediately  taken  from  a  Kohlraosoh  bridge.  The  measamig  wii-e 
of  this  had  been.  preTloasly  calibrated,  with  doe  Edlowanoe  for  the 
BtnaU  correctioua  thus  resoltiug.  Column  1  shows  which  of  the  cou- 
Becntive  lengths  (5.07  centimeterB)  of  the  steel  rod  corresponda  to  the 
given  bridge  reading,  and  the  portion  of  the  bridge-wire  eqnivalent  to 
0.1  Siemens  auit.  Herefrom  the  absolnto  resistances  (ohms)  of  the 
steel  rods  per  5.07  centimeters  at  t°  are  calcnlated,  and  the  vainer 
given  in  colnm'na  6  to  9.  In  view  of  these  very  satisfactory  results,  we 
were  jnstifled  in  simplii^ng  tbe  sobseqaentwork  by  testing  the  homo- 
geneity of  the  foar  longest  mf^^nets  only. 

Tablz  53.— fiMKlb  for  komogmtitif. 
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Magnetic  data. — In  making  the  magnetic  measnrements  we  ased  the 
first  position  of  Oanss.  The  nnmerical  values  of  the  constants  occor- 
riug  in  the  formalse 


yrte-p 


2ts2<p=^ 


are  as  follows: 


r=0.194™  *•  "*  r=24,90  em.  R=232.»  em. 

The  magnetic  resnlts  of  oar  experiments,  finally,  are  given  in  the 
series  forming  table  (63) : 
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4B.S 

E.J 

31 
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1 

34 

4L1 
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» 
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ifS 

17S 
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SS 
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1 

ts 
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1 

SO 

SO.T 
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LB 
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81 

0.S 

0^110 
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10- 0 

SS 

30.0 

0.11S 
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SI 

11.0 
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34.71 
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1 

S4 

40;! 

0.1IS 

10.0 
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S&8T 
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1 
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a  lis 

1L» 

S6.S8 

00.0 

M 
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a.i«» 

I.S 

17 
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lOJ 

10,0 

II 

0.1M 

LO 

17 
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XU..J 

MS 

O.IW 
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8.7 

30.36 

89.  CI 

1 

» 

40.0 

0.100 

B.7 
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SB.  IS 

1 

40 
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Tabu  53.— Jtetoiln  Mwmm  Uu  Mif  adto  «oii«teiili  o/  alMl  «ai  kanbMH— Contlnned. 
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K! 
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3& 

10.  A 
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SB 

0.109 

■  lii 

OLl« 

Ovoea 
o.(«a 

AN) 

t! 
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0.1 
10.1 

loli 

loii 

0.1 
0.1 
0.1 

oil 

Ti 

10.1 

]■'. 

B:! 

al 

10.1 
10.1 
10. 1 

10.3 

11.  0 
10.0 
It.O 
11.0 

».> 

M.02 
4S.M 

I.K 
l.K 
10.81 

40.N 
09.  ID 

1.T4 

£i 

l.SB 

•  if, 

M.T3 
07.0B 

IB.  71 
4LM 

Ti,40 

101.  sa 

1.7> 

11.  oa 

41.74 

70.01 
101.74 

1.10 
19.01 
41.10 

103.17 

ai 

1*0.7 

18.1 
40.7 

n.1 
•1.1 

14.4 
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73.0 

.£! 
11 

lOLl 

U.    jriv>HMaimMMalnil)MM(«<,/t). 

IX.- 
XX.. 

M 
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» 
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11 
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N.I 
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O.OM 
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0.0M 
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ti 
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loio 
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mi 
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111 
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1.TS 

zsiw 

S.S! 

7.» 
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is 

0.11 
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U.K 

II 

OM 

AS 

S3.m 

Is 

».01 
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ll.T 
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10.0 
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il 
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r. 
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DISCUSSION. 

Digest. — Onr  present  pnrpose  will  be  greatly  facilitated  by  a  tabular 
comparison  of  tbe  essential  features  of  the  resnits  in  band.  Thefollow- 
'  icg  digest  (Tables  54  to  59)  contains,  besides  brief  descriptions  of  temper, 
the  hardness  as  repreeentod  by  the  specific  resistance  s,  together  nith 
the  corresponding  magnetic  moments  per  nnit  of  mass,  nt,  of  the  several 
rods. 

Tablr  54.— fiod  T. 


Deaciiptlini  of  temper. 


Hd.S.     Ko.1.     Ho.*. 


Qlut-bud 

'-'-honrinstrnmlOO* 

toanliiMeMiilOO" 

hoanlniWunltmo 

OlioiinlDBWsiii  100° 

0inlaDtesiii»nilIne»»pnH8S' 

AnB«>lcd  I  hour  In  unlliD*  vapor  1B9° 

'   ~"     T*  la  kaUlH  vapor  IU|B 

.    _ ...«  In onlKno *t|ioT  1B5° 

AnnealM  13 l^onrs in anlllno  vftpor  ItjP 

AsiMlKllBiaate  In  lead  balb  1300 

ADMslcd  1  bonr  Id  lead  tath  S3«° 

Soft 

Tablb  65. 


3LS        U.0 


K. 
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m. 
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Ne.l. 

So.  7. 

KO.S. 

Ko-B. 

V»,l«. 

ST.B 
34.T 

sl 

ST.  4 
»3 

isIt 
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!«.» 

8.7 

41.  S 

li 
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g! 

'il 

86. 0 
80.0 

n.n 
loiis 

40.4 

11.11 
S3.B 

».l 
^1 

»3!7 

64.  a 

6».l 
64.7 

A»«Ble.U*onrin«.Uln«v.po^^ 

ABO«ale49l>onni  In  antllne  vapor  185° 

ATintaledSlioura  In  aniline  T»i™r  IBS" 

;::::::: 

Tablk  56.- 

-BodJZ. 

UeMTlptlan  of  temper. 

Haid. 

...  j ». 

MS 

4L1 

Bi.a 

M.?'  lui    S3:i 

II 

88.2 
40-7 

M 

li 
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41.1 
40.8 
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43.1 
44. 

Vf. 

<L 

7». 
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37.  > 

l.B 

li 
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44.8 
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IMl 
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X37 


E*Td. 

«.s 

.».. 

»J 

40.1 

KL, 

Gtat^liMd 

t9.a 

BT.l 

■L4 

sa.e 

23.  a 

33.0 

II 

S1.S 

|i 

lis 

H.D 
M.0 

1B.0 
U.4 

m.8 

43.0 
44.T 

M.2 

411.7 

11 

41.  B 

48.S 

S8.S 

se!? 

07.0 
711 

20.8 

4S.1 
41,2 

44)4 

ti.4 

U.6 
B3.B 
Mt 

40.4 

AiiDHilsdIOmlnntoilntlnbMliIW 

eo.8 

Tabs  58.— Bod  XI. 


Bmrd- 

.0.9 

30.S 

20.3 

4.. 

(0.S 

ra.0 

S! 

17.0 
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Is 

14.0 

S4.B 

II 

S1.S 
SLO 

S! 

4i> 

Vt.2 

38.0 
38.S 
B&« 

42.7 

48.3 

46.7 
40.7 
40.1 
10.1 

44.2 

SI 

ro.T 
01.0 

11B.D 
73.0 

1BL7 

soe 

41.  i 

aia 

67.7 
03.6 
08.1 
70.  t 

03.0 

00.3 

Table  G9.— £od  X//. 


Bh4- 

>li>H,4. 

i.„ 

30.1 

30.0 

40.0 

«..! 

43.S 

08.4 
M.3 
14.0 

34.0 

18.7 

11 

11.7 
18.7 
U.0 

a.0 

gi 

ILB 
21.1 
lO.I 

M.G 
11.1 

loio 

4^4 

30.1 
44.0 

43.4 

4o!b 

40.8 

st!4 

08.8 
fliO 
08.0 

ia7 

40.3 
44.0 

43.0 
43.6 
46.7 
40.1 
OAO 

00.8 

S! 

80.0 
01.1 

Plan  of  the  iiacttmion. — These  results  may  be  discussed  ftt»m  two  dis- 

tjnct  stand-points.     In  ease  of  one  and  tbe  some  vire,  the  Rpecifio 

magnetiBin  of  tbe  magneta  taken  oat  of  it  varies  both  with  their  degree 
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of  hardness  and  witb  the  ratio  of  length  and  diameter.  In  place  of  a 
diagram  in  three  dimeDsioDS,  however,  it  iB  expedient  to  regard  the  one 
or  the  other  variable,  aa  an  arl)itrary  constant,  while  the  other  passes 
throDgh  all  possible  valaes.  We  thaB  represent  all  relations  by  plane 
diagrams.  Oar  reanlts  are  compared  in  this  way.  It  is,  however,  con- 
venient to  replace  Tables  54  and  65  by  others  satis&ctorily  dedncible 
from  them  by  graphic  interpolation,  since  the  ratio  (rf  dimensions  in  the 
earlier  experimenta  (Tables  51  and  65)  do  not  compare  well  with  those 
in  the  later  (Tables  56  to  59).  In  other  words,  without  ancfa  reoonstrao- 
tion  of  the  former  resnlts,  the  difference  of  magnetio  behavior  of  the 
two  kinds  of  steel  employed  cannot  be  readOy  discerned.  For  this 
reason  the  Tables  60  and  61,  following,  hare  been  preptured.  The  data 
contained  are  soch  as  woold  have  been  fband  if  the  ratio  of  dimensions 
had  been  <r=20,  40,  60,  SO,  and  100^  respectively,  in  place  of  the  valaes 
whicb  actaally  obtained. 

Tablb  90.— Soi  I. 
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85.0 
20.4 
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1! 

t.0 

Ml 

Si 

18.0 
U.1 

Is 

4i:» 
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4T.4 
81.  B 

77.8 

41.8 

r. 

43.S 
48.8 
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80.1 
(3.4 
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90.  S 
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- 

Tails  61.— Bod  11. 


Bard- 
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30 

40 

00 

80 
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37.3 

|5 

31.8 

21.0 
2S.T 
22.8 
1B.0 

14.  S 

S0.4 

00.0 

20.g 
».> 

20.1 

M.S 
B3.S 
M.I 

t8.a 

SB.0 
M.0 
S.0 

4a.B 

42.7 
42.7 

S! 

U.0 
81.1 

88.8 

SI 

Ea.3 

S! 

M.1 

as 

a! 

48.8 

SI 

88.0 

ii 

General  inferenees. — A  debUled  comparison  of  the  resolts  ezpresaed 

in  Tables  CO  and  61  wiOi  those  in  TaUes  5ft,  57,  68,  69,  and  all  of  tliese 

among  themselveB,  shows  cooolnsively  that  the  magnetic  behavior  of 
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each  jMirticalar  wire  is  of  a  distioct  and  indi^tdaal  character.  More 
perspicuously,  even,  the  same  fact  la  observable  In  a  graphic  represeo- 
tation  of  tbe  data.  The  carves  obtained  for  the  several  wires  are  by 
no  ineans  coiucident.  The  thicker  wire  shows  greater  magnetizabiltty 
than  the  wire  of  amaller  diameter.  In  the  cam  of  both  kinds  of  steel, 
galvauically  hard  rods  are  magnetizable  to  alesser  degree  than  soft  rods. 
Moreover,  there  appears  to  exist  a  relation  between  the  density  and 
maximum  permanent  moment,  in  so  fitr  as  the  latter  in  general  ib- 
crenses  directly  with  the  former.  This  effect  is  particularly  apparent  for 
the  thicker  wire.  Bnt  the  fbodamental  inference  is  this,  that  the  rela- 
tion between  specific  mf^netiam  and  hardness  eapressed  galvanically, 
as  exhibited  by  all  tbe  wires,  is  essentially  of  the  same  kind. 

3laffnetism  and  hardne$$. — ^The  general  contonn  of  the  families  of 
cnr\'ca  expressing  the  fonctioDality  between  magnetic  moment,  per  anil; 
of  mass,  hardness,  ratio  ot  dimensions,  are  of  very  great  intei-eat.  It 
appears  clearly  that,  the  latter  variable  by  no  means  deserves  the  exeln- 
sive  importance  which  has  hitherto  been  attributed  to  it,  at  least  not 
in  the  accepted  sense  that  »  certain  critioal  raloe  exists  (Baths,  for  in- 
stance, puts  it,  a=35)  below  which  magnets  differ  in  a  pronounced  way 
as  regards  magnetizability,  fi^m  magnets  with  a  larger  dimension-ratio. 
The  rariationfi  of  the  series  of  curves  belonging  to  magnets  taken  from 
one  and  the  same  wire  are  obvionsly  of  like  nature;  in  other  words, 
obtained  from  a  definite  law  by  the  mere  change  of  a  parametric  con- 
stant, a.  In  general,  all  magnets,  whether  long  or  short,  after  incipient 
annealing  diminish  in  magnetizabilitj^,  until  a  well-marked  minimum  of 
this  qnality  is  reached.  If  thereafter  anoealiDg  be  continued  magnet> 
izability  again  increases,  attains  a  maximum,  and  finally  decreases 
again  to  the  TEdue  for  the  soft  state. 

The  causes  whioh  led  earlier  observers  into  partially  erroneoas  iu-i' 
ferences  are  not  ten  to  seek.  With  the  ordinary  very  rough  method  of 
estimating  the  degree  of  hardness  of  steel  by  the  aid'  of  the  oxide  tints, 
the  character  of  the  curves,  as  a  whole,  did  not  appear.  Hitherto  data 
for  only  four  points  for  each  rod,  corresponding  to  the  hard,  the  yellow, 
the  blue,  and  the  soft  states,  were  available.  Irrespective  of  the  vague- 
ness of  degrees  of  hardness  thus  defined  it  will  readily  be  seen  that 
where  the  fall  contours  of  the  corves  ore  anknown  the  groaping  of  these 
points  is  snch  as  to  stiggest  the  said  imperfect  inference  of  a  critical 
dimension-ratio. 

The  effect  of  a  variation  of  dimensions  is  particularly  apparent  in  its 
bearing  on  the  posiUou  and  value  of  the  minima  and  maxima  of  the 
permanently  saturated  magnetic  state.  In  proportion  as  the  length  of 
the  magnets,  ot  more  accurately  the  ratio  of  dimenaiotis  increases,  these 
singular  points,  which  axe  nearly  coincident  in  very  short  rods,  move 
apart,  the  minimum  occarring  in  the  glass-hard  state,  the  maximum 
passing  at  a  very  rapid  rate  toward  the  soft  state.  At  the  same  time 
the  maximum  Increases  enormously  in  value,  and  for  long,  thin  rods  is 
(731) 
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greater  Uias  twice  the  eqnivalent  of  the  permanently  saturated  tnag- 
netic  moment  of  the  same  rod  wheo  hard.  As  we  approach  short  rods, 
as  will  be  seen,  the  mazimnm  flattens  oqt,  moving  toward  the  mini- 
mam  at  a  more  rapid  rate  Uian  the  minimam  progresses  in  the  opposite 
direction.  Bat  the  variations  are  anch  that  for  very  short  mt^nets,  i.  e., 
soch  for  which  the  ratio  of  dimensions  is  below  6,  the  minimam  will 
probably  lose  its  marked  character  altogether,  and  eventually  come 
into  full  coincidence  with  the  maximnm.  Here,  therefore,  a  nniformlj 
continnons  decrease  of  maguetizability  from  the  glass-hard  to  the  soft 
states  is  to  be  anticipated. 

Graphic  r^reteittation. — AU  these  results  may  be  made  to  appear 
with  striking  clearness  by  representing  them  graphically.  It  will  be 
safflcient  for  this  purpose  to  accept  the  meui  of  Uie  two  series  of  resnlts 
for  the  thin  sample  of  steel  wire,  and  then  to  compare  this  with  the 
mean  or  combined  results  (fonr  series)  obtaining  for  the  thicker  sample 
of  wire.  These  mean  values  are  given  in  the  following  tables,  62  and  63: 
Table  63.— nwfrwtlM  ttatt*  of  nugntHt^llUg,  ttryinf  with 

[TMek  wira,  tir^.K 


U.8 

«T« 

ts.s 

1B.8 

4.3 

11.  a 

11.  g 

«.« 

—Pregrfttitt  itata  of  nn^neticabiliry,  rArjritif  witk  tordiiaH. 
[This  wire.  IirO.ON  m 


M«w  ipedflc  miKneUun  m,  for  Ibe 

dimaBdaD-rMia 

« 

oo 

in 

8LE 

VLt 

M.I 

U.S 

W.1 

On  the  basis  of  these  tables  the  two  families  of  curves,  Figs.  ] 
18,  have  beeu  constructed. 
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Magjietism  and  dimension-ratio. — Of  eqnall;  great  inteiest,  moreover, 
ia  the  other  phase  of  these  phenomeDa  Id  which  magnetizability  is  re- 
garded as  a  ftinctioQ  of  the  independent  variable,  the  dimeasioD-ratio, 
whereaa  hardoeas  appears  merely  as  an  arbitrary  constant.  We  vill 
endeavor  in  this  place  to  give  an  acconnt  of  our  data,  solBciently  de- 
taUed  to  admit  Batis&ctorily  of  a  comparison  with  results  of  earlier 
observers.  In  the  absence  of  a  bettw  means  of  estimating  hardness 
tbe  oxide  tints  vere  largely  made  ase  of,  and  the  wires  examined,  tbero- 
fore,  classified  as  bard,  ydlow  annealed,  bine  annealed,  and  soft  la 
conformity  with  this  method  of  description,  we  will  attempt  to  give  the 
parameter  (hardness)  in  oar  own  results,  such  valnes  as  will  correBpond 
with  the  said  foar  States.  The  following  special  experiments  fbmish  ap- 
proximate data  for  the  ezpressioii  of  the  degree  of  baldness  oonespond- 
ing  to  any  given  oxide  tint  in  oar  own  galvanic  scale : 

Cm  /  <^,  Of  nlandB. 

Qlua-hard b=45.7 

'   Yellow  uin«Bled b^U.3 

Bine  uitieal«d s=ao.S 

Soft •=15.9 

It  is  well  to  note  that  the  logarithmic  interv^  between  yellow  wi- 
uealed  and  bine  annealed  is  abont  equivalent  to  the  same  interval  be- 
tween bine  annealed  and  soft-,  and  abont  twice  as  large  as  that  between 
glass-hard  and  yellow  annealed.  Referred  to  otir  method  of  tempering, 
.  the  values  for  yellow  annealed  and  blue  annealed  would  agree  very 
nearly  with  three  hours  of  annealing  in  aniline  vapor  (mean  s=26.7  and 
26.0)  and  one  minute  of  annealing  in  melting  lead  (mean  s=19.5  and 
19.7),  respectively. 

The  smaller  galvanic  values  for  these  states  correspond  to  the  smaller 
values  for  tbe  soft  state  (mean'  b=I5.3  and  15.1),  respectively,  and  the 
difference  is,  therefore,  obvioasly  dae  to  carburation.  Hence  for  oar 
present  purposes  it  is  fully  sufficient  to  select  &om  tables  62  and  63  tfae 
following  mean  values  of  magnetism  for  the  degrees  of  hardness  in 
question: 

Table  6i.~-Tkidiwlr«. 
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Oraphio  r^esentaHon. — These  data  enable  oa  to  constmct  tlie  duree 
iD  FigB.  19  and  20. 

The  carve  glaaB.-hacd  is  concave  as  regards  the  axis  of  abaeissfe 
throughont  Bising  very  rapidly  at  first  it  finally  ascends  to  a  dis- 
tinct limiting  valae  or  horizontal  asymptote.  The  carve  soft,  on  Qi6 
other  hand,  rises  very  slowly  in  its  earlier  stages,  and  is  convex  as  re- 
gaids  the  axis  of  abecisse.  From  here  it  passes  rapidly  npwutt 
through  a  point  of  circamflezion  into  concavity  towards  X,  and  then 
above  the  former  curve.  Finally  the  rate  of  ascent  again  decreases  so 
that  a  horizontal  asymptote  mnst  eventaally  also  be  reached,  bnt  ap- 
parently at  a  later  stage  of  the  progress  than  is  the  case  with  hard 
vire.  From  either  of  tliese  two  corves,  which  describe  the  vaiiationti 
of  the  extreme  states,  we  may,  by  the  procesa  of  annealing,  pass  oon- 
tinaoasly  t«  the  other ;  bnt  the  manner  of  snoh  passage  &om  the  one  to 
the  other,  resulting  from  a  eontinaons  change  of  parameter  (hardness), 
is  exoessively  complicated.  Incipient  annealing  of  a  glass-hard  rod 
prodaoes  a  distinct  thoagh  small  descent  of  the  original  curve  as  a 
whole.  As  annealing  progresses,  the  farther  end  of  the  carve  is  always 
the  first  to  rise  and  pass  above  the  original  carve  in  sach  a  way  that 
the  point  of  intersection  of  the  new  carve  and  the  original  carve,  glass- 
hard,  moves  rapidly  &om  greater  to  smaller  valnes  of  the  dimension- 
ratio.  When  the  curve  "yellow  annealed"  is  reached  the  part  between 
a=14or  18,  respectively,  and  a=o3  has  already  been  elevated  above 
the  curve  glaes-hard.  In  the  case  of  the  "blue  annealed"  carve  we 
observe  the  part  between  a=15  or  20,  respectively,  and  a=cc  to  have 
risen  enormonsly ;  but  on  the  other  hand  the  part  of  this  carve  between 
a=  0  and  a=16  or  20,  respectively,  having  descended  gradually,  is  now 
distinctly  convex  as  regards  the  axis  of  abscisste.  Passing  from  bine- 
annealed  to  soft,  we  and  the  left-hand  part  of  the  carve  falling  at  a  more 
rapid  rate,  while  the  right-hand  branch  atiU  rises  slowly,  reaching  a 
superior  limit  and  then  falling  rapidly  into  coincidence  with  the  curve 
for  the  soft  state,  already  discussed. 

We  have  remarked  that  the  phenomenon  of  variation  of  magnetiza- 
bUity,  regarded  as  a  whole,  does  not  by  any  means  seem  to  present  a 
certain  critical  value  for  the  dimension-ratio,  below  which  magnets  be- 
have differently  than  above  it.  If  only  the  fonr  curves  bard,  yellow 
annealed,  blue  annealed  aud  soft  were  known,  as  they  appear  in  Figs.  19 
and  20,  ther^  would  appear  to  be  reasons  for  considering  a=W  or  20, 
respectively,  as  a  critical  value  of  this  kind;  for  it  is  here  that  the  tbree 
curves  approximately  intersect  each  other.  How  anjostifiable,  how- 
ever, such  conclusions  are,  will  be  obvious  ttom  a  mere  glance  at  Figs. 
17  and  18,  in  which  the  curves  for  this  value  of  a  manifest  no  change  of 
character  whatevt;r. 

MasTietiam  and  detuity. — We  may  remark  here  tbatwheu  the  rod  is  very 
long  in  comparison  witb  its  diameter,  its  specific  magnetism  (saturation 
presupposed)  becomes  coustant  or  iude[>endeDt  of  the  dimensions. 
(736) 
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la  Greeu'B  equation  for  the  distribntion  of  magnetism  in  a  cylinder 
of  finite  length,  21,  and  radios  r.  , 


e  '  +  »-'■ 

vhere  k  is  the  linear  density  of  tree  magnetism  al  a  distance  w  ftom  the 
middleof  the  cylinder,  K  tbeeoetBdentof  magnetization,  X  the  magnet- 
izing force,])  a  namerical  quantity  related  to  K;  let  £X  be  accepted 
as  the  expression  for  coercive  force,  J*,  and  pat  for  greater  simplicity 

If  now  we  evaloate 

3f=2  rA^<f.=-2-£Zrn+ 1  ^14^21^1 

J.  Igy      L        lgvv-'-\-y»} 

and  ftirthermoie  pat 


«  will  pass  throngh 

into  a  constant  valne,  depending  only  on  the  material.    Biot'"potp  = 
0.124,  approximately. 

Kow  it  is  remarkable  that  in  this  case,  in  which  moreover  the  expres- 
sion Sot  the  linear  distribatlon  of  magnetism  attains  its  simplest  fonn, 
we  are  led  to  infer  that  the  (linear)  rods  are  capable  of  retaining  more 
magnetism  permanently  in  proportion  as  they  are  softer.  But  this 
general  deduction  will  not  hold  good  as  &r  as  the  soft  state.  Figure 
20  gives  as  yet  no  decisive  answer  to  this  question.  However,  in  pass- 
ing from  the  blue  annealed  to  the  soft  condition,  steel  passes  through 
a  state  of  maximum  density;  and  our  results  thus  giv»  warrant  to  the 
surmise  that  the  greatest  attainable  magnetization  can  be  imparted  to 
steel,  when  the  hardness  of  the  necessarily  linear  rod  has  that  particular 
valae  whicb  is  characterized  by  maximnm  density.  This  digression  sug- 
gests itself  naturally  here,  but  will  be  made  the  subject  of  a  special  ia- 
qniry.  From  figure  17,  however,  it  is  already  quite  apparent  that  the 
said  unique  maximnm  will  be  considerably  larger  than  7S5  o.  g.  8.  units 
of  intensity  (magnetic  moment  per  unit  of  volume),  the  value  thus  for 
assumed  and  derived  from  an  incidental  result  of  Kohlrausch."' 

'"Biot:  TraiM  da  Phys,,  III,  p.  76,  iai6. 

>*■  Cf.  Gordon :  Electricity  anil  MagDetiani,  I,  p,  156,  Loudon,  1880. 
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Earlier  renilto  interpreted. — It  vill  now  be  in  place  to  compare  our 
resalts  with  those  of  BQths.  We  will  select  from  his  data  the  series 
coDtained  on  p.  17  of  his  memoir,  as  these  may  be  regarded  typical. 
Here  again,  those  a4one  can  be  considered  which  refer  to  magnets  as 
nearly  as  possible  in  the  permanently  saturated  state.  In  the  place  of 
the  absolate  magnetic  moment  of  his  steel  rods  we  have  deduced  the 
corresponding  values  for  specific  magnetism  from  his  data.  This  greatly 
j^ilitates  comparison. 

Table  66.— fivOa'  nuijin«lio  reauJu. 
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The  first  comment  to  be  made  in  this  connection  has  reference  to  oar  re- 
marks given  in  p.  117,  on  the  structaral  influence  of  tempering.  Rntb^ 
magnets  were  all  of  the  same  lengths,  whereas  the  thickness  varied  fh)m 
0.2  centimeters  to  0.6centimet«rs.  To  impartlikedegreesor  similar  states 
of  hardness  to  rods  varying  in  thickness  to  this  very  large  extent,  is  man- 
ifestly impossible,  even  if  the  material  were  throughont  perfectly  iden- 
tical. It  follows  that  the  divers  valuesof  specific  magnetism  obtained  can- 
not even  be  compared  one  with  another.  Hence  the  attempt  to  arrive  at 
the  nature  of  the  functionality  between  permanent  magnetism  and  ratio 
of  dimensions  &om  these  resnlts,  must  necessarily  be  futile.  Buths'  data 
are  unavailable,  therefore,  for  the  construction  of  curves,  corresponding 
to  those  in  figure  19.  We  infer  from  Bnths'  table  that  in  general  the 
specific  magnetism  increases  with  the  dimension-ratio.  In  the  case  of 
the  thicker  magnets  (IV,  V,  VI)  Buths  found  valnes  for  specific  magnet- 
ism much  larger  than  our  own.  In  accordance  with  these,  the  intersec- 
tion of  the  curves  glass-hard  and  bine  annealed  would  occur  for  a'=30} 
the  corresponding  point  for  blue  annealed  and  yellow  annealed  lying  at 
a=2S.  In  accordance  with  Bntbs'  results,  moreover,  figure  19  would 
have  to  be  changed  in  such  a  way  that  the  curve  glass-hard  (to  agree 
with  Buths'  large  values)  rise  at  a  more  rapid  rate,  thus  falling  short  of 
iotersectioD  with  the  other  two  curves  until  these  have  intersected  each 
other  at  abont  a=2fi.  Then  its  passage  is  through  blue  annealed  at 
abont  a=26,  and  through  yellow  annealed  at  abont  a=40,  where  the 
latter  curve  is  also  supposed  to  rise  more  rapidly  than  is  the  case  in  onr 
results.  But  with  this  apparently  satisfactory  interpretation,  the  equiv- 
alence of  blue  annealed  and  yellow  annealed  for  a=50,  is  wholly  in 
discordance. 

Promme  uses  eight  rods,  all  of  the  same  length,  fonr  of  which  are  of 
(738) 
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like  small  diameter,  the  other  four  of  like  larger  diameter,  to  corroborate 
fiaths'  lesDlts.    The  dimensione  are  these: 

First  foor:  a=^»16;  eeoond  foar:  a=^=BO 

Bis  reenlts  for  the  ratio  of  mass  (;•)  and  square  of  the  tiuM  (f)  of 
yibration  are  the  following: 


««  !-m| 
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411 
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4W 

These  values  would  pat  the  point  of  interaeotion  of  blae  annealed 
and  yellow  annealed  at  a=SO,  agreeing  with  Ratbs'  result  for  his  mag- 
net 11^.  Bnt  this  by  no  means  removes  the  discordanoe  between  the 
(lata  for  a=50  and  those  of  Bnths  for  a<50,  becanse  the  latter  refer 
this  point  to  a=2i}. 

An  extended  series  of  observations  on  the  relation  between  moment  of 
permanent  magnetism  and  hardness,  of  exceptional  accnraoy,  has  been 
pablished  by  Qray"*  All  the  rods  have  the  same  dimension-ratio,  a  =50. 
TJnfortanately  he  does  not  carry  one  and  the  same  hard  rod  through  all 
possible  states  of  inferior  temper.  Altbongb  the  material  is  identicfd 
tlirongfaont^  the  resalts  are  therefore  necesswily  distorted  by  structural 
discrepancies,  iu  addition  to  the  effects  dne  to  differences  of  hardness 
in  the  glass-hard  state.  In  operating  with  low  temperatures  Mr.  Gray 
ueglecte  the  (then  nnknown)  time-effect  of  tinnealing. 

In  Chapter  II,  pp.  40-43,  we  discussed  the  results  obtained  with  rods 
tempered  in  a  way  nearly  identical  with  that  employed  by  Mr.  Gray,  bard 
wires  being  immersed  in  linseed  oil,  the  temperature  of  which  was  raised 
tery  gradually  by  the  aid  of  a  Bunsen  flame,  and  batches  of  wires  re- 
moved tmm  the  bath  at  different  stages  of  tlie  heating.  If  we  take  into 
consideration  the  great  irregularity  of  distribution  of  temper  which  the 
rods  so  treated  manifest,  the  causes  of  relatively  large  discrepancies 
occurring  in  Mr.  Gray's  results  are  apparent  at  once.  For  the  same 
reatioas  we  are  not  able  to  compare  them  in  detail  with  our  own. 

One  striking  difference  between  the  two  sets  of  results  is,  however, 
to  be  noticed.  Mr.  Gray  has  observed  no  minimum  of  magnetizability 
in  the  region  of  glass-hardness.  The  siteciflc  magnetism,  in  general,  is 
found  to  increase  rapidly  between  glass-hard  and  annealed  at  100°^  is 
fairly  oonstant  between  the  latter  state  and  annealed  at  about  28G° ;  and 
after  this  increases  rapidly  again  until  the  highest  annealing  tempera- 
ture employed  (310°)  is  reached.  As  a  whole,  however,  the  observed 
range  of  variation  (72  to  80  C.  G.  S.  units  of  magnetic  moment  per 
gramme]  is  remarkably  small  when  compared  with  our  own  (45  to  85 

"•Qwy:  1.  0. 
(739) 
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and  42  to  75,  respectively,  C.  G.  3.  units  of  magnetic  moDieot  per 
gramme).  Tlie  following  tabnlar  comparison  betveeu  Mr.  Graff's  metn 
results  and  our  own  will  ezbibit  this  perspicDOiisly : 


Table  ct 
<    ISrw-    {■S.MM,  ^=D.(«7»ilUiiwten.) 
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The  large  though  noaToidable  discrepancies  encountered  by  Hr.  Gray, 
notwitb standing  his  careful  inanii>a1ation  and  precision  of  measnre- 
raent  clearly  show  the  difflcnlties  with  which  the  problem  in  question 
was  then  surrounded.  We  possess  no  data  for  the  magnetic  fflfect  pro- 
duced by  tempering  in  oil.  The  only  satisfactory  method  of  accountiog 
for  the  above  discordance  would  be  that  of  supposing  that  Mr.  Gray 
operated  upon  a  less  highly  carburized  steel  than  was  used  in  our  pi- 
periments.  lu  sncb  a  case,  greater  values  of  specific  magnetism  for  ttie 
hard  stat«  and  small  values  for  the  solt  state  in  Mr.  Oray'a  results,  as 
distinguished  from  onr  o^Tn,  are  aoticipative. 


OONOLUSION. 

The  general  problem. — The  results  in  this  paper  offer  only  a  partial  so- 
lution of  the  general  problem-.  Irrespective  of  the  effect  of  carburation, 
coQcerning  which  remarks  have  already  been  made,  the  temporary  and 
permanent  magnetisation  induced  by  magnetic  fields  of  an  inteosit;  in- 
sufficient to  saturate  steel,  are  new  subjects  of  importance.  A  fifth 
(740) 
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variable,  the  iotenslty  of  tbe  field,  tberefore,  saggeste  iteelf.  If  we  re- 
member bow  intimately  magoetio  pbenomena  are  associated  witb  tbe 
stmctaral  conditioD  of  a  rod,  and  how  absolutely  devoid  of  reliable  facta 
our  knowledge  of  tbia  actually  ia,  we  see  how  little  advancement  can  be 
boped  firom  theory.  Tbe  mathematical  analyaia,  again,  even  when  atarC- 
JDgirom  the  simplified  premises  of  bomogeueity,  eDcoanters formidable 
difBcnlties.  On  the  other  hand,  tbe  possibility  of  a  solation  of  tbe  gen- 
eral problem,  by  the  application  of  the  method  which  we  have  endeav- 
ored to  develop  in  tbe  above,  we  dare  say  ia  audeniable.  Sncb  ao  at- 
tack we  have  in  view, 

Fractical  bearing. — The  present  inveetigation  has  a  practical  bearing 
of  some  importance.  For  cylindrical  rods  it  gives  a  satisfactory  aolntjon 
of  the  problem  as  to  what  degree  of  hardoeaa  ia  to  be  chosen  in  order 
that  a  given  steel  rod  may  poaaeaa  the  mazimam  magnetizability.  It 
ia  a  remarkable  result,  that  for  very  small  valnes  of  the  dimension-ratio 
considered  as  one  extreme  case,  the  rods  cun  be  most  intensely  magnet- 
ized when  in  the  very  hard  atates,  whereaa  for  very  large  valaes  of  the 
dimension- ratio  reganled  as  the  other  extreme  case,  similarly  favorable 
cooditiona  are  offered  by  the  softer  states,  with  the  probability  that  a 
state  of  singular  excellence  in  thijs  respect  lies  between  bine  annealed 
and  soft-. 

Bnt  it  does  not  by  any  means  follow  herefrom  that  in  the  conatrnc- 
TioD  of  magnets  for  practical  purposes  they  are  to  be  made  glass-bard 
if  short  and  thick,  and  soft  if  long.  This  queation  involvcR  elements 
of  quite  another  character.  The  problem  is  so  to  constmct  a  magnet 
that  with  a  maximum  of  intensity  it  may  be  best  qualified  to  withstand 
the  bortfal  influence  of  atmospheric  changes  of  temperatnie,  of  ahocks, 
and  such  like  efi'ects ;  iu  abort,  to  produce  a  magnet  which,  under  like 
circumstances,  shall  always  show  practically  identical  values  of  the  f  u- 
tensest  available  magnetization.  This  will  be  made  the  subject  of  tbe 
next  chapter. 


ADSEHDnM:    ON  THE    DEN8ITT-EFFECT    OF  INCIPIENT    ANNEALING 
OF  HASD  STEEL. 

In  Chapter  V  we  adverted  to  the  relation  probably  existing  between 
the  maximnm  of  permanent  magnetism  of  linear  steel  rods  and  their 
density.  We  there,  moreover,  state  the  grounds  why  the  oonditiona 
most  &vDrsble  for  tbe  appearance  of  sncb  a  relation  are  encountered  in 
tbe  case  of  linear  rods.  The  qnestion  is  therefore  immediately  sug- 
gested whether  the  characteristic  minimum  of  magnetizability  of  steel 
rods  corresponds  to  an  analogously  singular  point  in  tbe  variation  of 
dene^y.  We  commenced  experiments  with  tbe  object  of  discussing  the 
(741) 
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matter,  with  a  ateel  rod  1.91  ceutimetera  in  diameter  aod  5.40  centime- 
ters long,  tempered  glaaa-hard  in  the  usual  way. 


CommeroUl ! 

oiMi-h>rd !; 

ABDsaleil^atlOae 

Aiiiml(id4k*t100e jl 

AiiDHiitd  s' *t  100° r 
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The  first  reanlt  obtained  from  these  data  is  a  striking  corroboratjon 
of  a  resnlt  of  Fromme'a,  viz,  that  the  maximnm  increase  of  specific  vol- 
ume experienced  by  a  hard-tempered  steel  rod  diminishes  as  the  diam- 
eter of  the  rod  increases.  Fromme'a  results  for  thickness  on  apectfic 
volume  of  tempered  steel  rods  are  these : 


I  ^=  TbinkiieM<0 


lioiOOO  I    1.01285  {    i.omt 


The  result  for  the  above  rod  2p  =  1.91  and  v  =  1.00363  is  in  excellent 
accordance  with  these  data.  In  drawing  this  inference  it  is  necessary 
to  bear  in  mind  that  serious  discrepancies  may  be  introduced  by  the 
possible  differences  iu  carburation  of  the  respective  rods.  Nevertheless, 
all  these  results  taken  together  are  so  satisfactorily  consistent  that  it  is 
difficult  to  avoid  tbe  deduction  made. 

The  second  result  shows  tbat  tbe  increment  of  specific  volnme  due  to 
temi)eriD^  in  general  decreases  as  time  increases.  But  this  variation 
takes  place  at  a  more  rapid  rate  at  the  middle  stages  of  the  operation 
than  eitber  at  its  eariy  or  closing  stages.  The  curve,  therefore,  contains 
a  point  of  circumfiection,  and  the  possibility  of  a  maximum  near  tbe  in- 
ception is  by  no  means  excluded.  To  obtain  definite  and  decisive  re- 
salts,  however,  it  will  be  necessary  to  operate  with  tbin  rods,  for  which 
the  density  effect  of  tempering  is  so  much  more  clearly  prooonnoed. 

Tbe  plausible  inference  that  the  anomalous  electrical  behavior  of  steel 
on  incipient  annealing,  discussed  in  Chapter  II  (page  67),  and  the  mini- 
mum of  magnetizability  investigated  in  this  chapter,  may  find  an  anal- 
ogous variation  in  the  density  of  similarly  treated  hard  steel,  cannot  as 
yet,  therefore,  be  s^d  to  have  been  disproved. 
(742)       . 
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CHAPTER   VI. 

l-aS  TEMFKBIVS  OV  STEEL  COH'SIDEBXD  tH  ITS  BXABIN6  ON  THX 
POWKB  OF  MAOITBTIC  KETSNTION,  OB  ON  TBE  CONJ>inON8  OT  HAG- 
NETIC  8TABII.ITT  OV  THIS  MAXSBlAl,. 

INTRODUCTION. 

Tanporary  and  permanent  magnetic  effects  of  annealing, — The  iufla- 
eiice  of  temperature  on  the  moment  of  permanent  magnetiBm  of  steel 
rodfl  is  characterized  by  a  temporary  and  a  permanent  effect,  nsaally 
saperimpoeed.  If  a  steel  rod  magnetized  to  saturation  at  the  temper- 
atnre  IP  is  heated  to  T^  {T>t)  and  then  again  cooled  to  t°,  it  will  be 
foand  to  have  experienced  a  Iobb  of  magnetic  moment.  If  the  procesa 
is  repeated — the  temperatnrea  t  and  T  being  the  same  as  before — an  ad- 
ditional diminution,  decidedly  smaller,  however,  than  the  first,  will 
manifest  itself.  Continning  in  this  way  we  shall  find  that  the  perma- 
nent loss  converges  to  zero.  The  rod  is  now  in  a  condition  for  which 
the  magnetization  lost  during  the  passage  from  t^  to  Z^  is  again  re- 
stored when  the  original  temperature  tP  is  regained. 

Researches  on  this  important  subject  have  been  made  in  great  num- 
bers.'" The  result  has  nsnally  been  that  magnets  which  are  to  be  need 
between  tbe  atmospheric  temperaturess  t  and  T  sbould  be  heated  and 
cooled  between  these  or  greater  limits  for  an  indefinite  nomber  of 
times,  in  order  that  a  condition  of  magnetic  permanence  or  of  perfect 
magnetic  elasticity,  as  it  has  been  called,  may  be  assumed. 

Simultaneous  mecAanuxif  effects  hitherto  iisregarded. — To  the  ventnre  of 
resuming  a  topic  which  has  been  so  elaborately  and  apparently  so  ex- 
haustively discussed,  we  were  primarily  induced  by  certain  new  and  impor- 
tant facts  which  our  researches  on  the  hardness  of  steel  had  developed. 
Carionsly  enough  among  those  who  operated  with  glass-hard  rods — and 
it  was  to  these  that  we.  at  first,  desired  to  confine  our  attention — only  a 
few  have  given  even  cursory  consideration  to  the  imiwrtant  factor,  the 
change  of -the  mechanical  state  of  the  material.  We  have  shown  that 
temperatures  20°  or  30°  above  that  of  the  water  in  which  during  tem- 

u*  Tbe  esilier  literAtimi  is  sjatemstized  in  J.  Lamont,  Magneiiamiis,  p.  3StS,  1867 ;  G. 
Wiedemann,  Oalvuismiu,  II  a,  p.  603, 1BT4 ;  A.  Hoosaon,  Ph;sik,  3  Anfl.,  III.,  p.  110. 
Among  tbe  more  Toccmt  papen  (since  1876}  we  deeire  to  mention :  O.  Wiedemsn,  Pogg. 
Ann.,  CLVU,  p.  i£7,  187S;  J.  M.  Oangain,  Comptee  rend..  LXXXU,  p.  1492; 
LXXXIU,  p.  661,  1676 ;  LXXXVI,  p.  5.36, 1878  -,  O.  Poloni,  BeiblStter  T,  p.  67,  p.  002. 
and  p.6U,ie81;  Elettriolrta,  U,  p.  183,  1878;  J.  Trowbridge,  Am.  J oornnl  (3),  XSI, 
p.  3LI>,  IBBl  « 
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pering  the  rod  was  chilled,  when  acting  on  glass-hard  rods  cao  be  made 
to  produce  aooefding  effects  of  definite  and  accurately  definable  mag- 
nitude. 

If,  therefore,  it  ia  our  object  to  investigate  the  functionality  between 
magnetization  and  temperature,  it  is  manifestly  necessary  at  the  very 
outset  to  exclude  all  permanent  und  simnltaueous  changes  in  the  ma- 
terial carrying  the  magnetic  quality.  This  is  what  none  of  the  former 
observers  have  done.  Temperatures  as  high  as  100°  are  frequently  ap- 
plied. Under  these  circnmstancee  the  hard  rod  asdumes  differeut  me- 
chanical properties  while  in  the  hands  of  the  operator,  and  the  results 
will  necessarily  be  stripi>ed  of  the  claims  to  accuracy  which  the  care 
frequently  bestowed  would  otherwise  justify. 

Betentiveneaa. — There  was  a  second  consideration  which  suggested 
the  present  series  of  experiment.  This  was  the  desire  to  utilize  certain 
earlier  data  in  the  endeavor  to  construct  magnets  possessing  great 
power  of  retention.  It  is  not  necessary  to  advert  to  the  important 
bearing  of  this  problem,  not  only  on  all  absolute  magnetic  measure- 
ments, but  more  particularly  eveu  on  those  of  a  relative  character. 
That  the  methods  now  employed  are  inadequate  is  conceded  by  t)ie  oLt- 
servera  of  highest  authority  and  experience.  Old  raagneta  subserve 
best  the  purposes  of  measurement ;  but  eveu  these,  where  a  constancy 
of  moment  under  like  circumstances  is  to  he  presumed  are  carefully 
to  be  protected  fktm  shocks  and  larger  changes  of  temperature. 

Tkepresent  tcork. — In  the  following  pages  our  experiments  will  be  cited 
chronologically.  Some  of  them  are  merely  corroborative  as  regards 
results  which  have  already  been  pronounced  by  others.  But  the  inti- 
mate connection  between  these  and  our  subject  proper,  together  with 
the  new  interpretation  which  baa  frequently  been  given  them,  vindicates 
their  appearance  here. 

The  method  of  magnetization  and  the  calculation  of  the  magnetic 
moment  as  well  as  the  measurement  of  hardness  was  identical  with  that 
detailed  In  Chapter  V. 

BETBKTITEKESB  AS  BEGABDS  TABIATION  OF  TEHPEBATUBS. 

Preliminary  experiments. — Our  first  experiments  were  incidentally 
made  with  six  little  steel  parallelpipedons,  of  the  same  material  which 
had  been  used  in  a  series  of  experiments  described  elsewhere.  The  di- 
mensions (cm.)  and  mass  {g)  of  these,  after  being  tempered  to  glass- 
hardness,  were  as  follows : 
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Wheu  maguetized  with  a  large  Faokler's  magnetic  batter;  (iiO  kilos 
portative  force)  of  the  horaeshoe  form,  these  retaioed  the  following' 
qaantities  of  specific  nmgDetism : 


I.         IL 

m. 

IT. 

V. 

„         1 

- 

"' 

lt.B 

l&B 

It.  8 

2».0 

..1 

HereapOB  the  magneta  were  traDBferred  from  a  water-bath  at  16°  O. 
to  another  at  50°  o.  and  then  returned.  This  was  repeated  ten  times, 
with  an  allowance  of  about  ten  seconds  of  immersion  for  each.  After 
this  process  the  reepective  valoes  of  specific  magnetism  were  found  to 
be— 


t  1  u.  1  m. 

"•h- 

vul 

»>=  uiIiztSs.! 

-1- 

-i 

The  losses  are  therefore  small — as  a  rale,  only  abont  i  per  cent.  The 
temperatnre  50°  appears  to  be  relatively  low  in  so  far  as  its  effect  in  pro- 
ducing the  variation  in  question  is  concerned.  If  it  should  be  our  pur- 
pose to  reach  a  limiting  valne  in  this  way  the  operation  wonld  have  to 
be  repeated  a  great  number  of  times.  Possibly  several  hundred  repe- 
titions would  even  be  inadequate. 

For  this  reason  we  decided  to  continue  the  work  with  the  aid  of 
higher  temperatures.  The  magnets  were  exposed  in  steam.  Previously, 
however,  we  remaguetized  them  to  saturation.  This  was  done  with  a 
large  and  powerfal  belis,  through  which  the  cnrreut  of  a  dynamo-elec- 
tric machiae  circulated.  The  mean  intensity  of  the  magnetizing  force 
when  referred  to  the  lengths  2.5  cm.  to  3.0  cm.  of  the  magnets,  and  for 
the  current  3.0  cm**  g^/sec,  was  found  to  be — 


SX= 


5  gVcm**  sec 


It  is  obvioas  that  these  powerful  forces'^  were  far  more  than  sufficient 
to  effect  the  saturation. 

The  magnets  were  now  exposed  in  steam  at  100°  for  consecutive  in- 
tervals of  20,  40  minutes,  then  for  1,  2,  3,  and  finally  4  hours.  After 
each  withdrawal  from  the  steam-bath  they  were  laid  aside  for  some 
time  in  a  room  in  which  the  temperature  varied  between  10°  and  W^. 
After  this  we  made  the  measurement  of  the  magnetic  moment.    The 

"<FoT  (tiveja  other  data  relative  to  this  helix  conf.  Chapter  V. 
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reealts  of  this  scries  of  experiments  are  shown  in  the  fi^owing  table 
fbrm.- 

Tabu  ST.— XiinU*  efmagiuHe  MtaU. 


L 

11. 

m. 

IV. 

'■ 

VL 

1B.« 

11.  «g 
10. « 
•.41 
B.M 

R.es 

14.  M 

lasi 
10.  so 

17.08 

B-OO 
S.8S 
«.£! 
8.02 

2CtM 
T.SD 

2.M 

i&ss 
1Z.S1 

B.11 

Aaoetled  W  more  In  *Mu>  100° . 
Ampalecl  1»  more  In  It™™  100=.. . 
Aaoealed  2>  mora  Id  auuu  looe.. . 
AnnfmlFd  3^  mar«  In  steam  100°. . . 
Auuwlert  4>  more  In  sUun  100°. . . 

If  these  resalta  be  constrncted  graphically,  time  of  exposare  as  ab- 
scissa aod  specifle  magnetism  (at  oniliDary  temperature)  as  ordinate,  we 
obtain  a  aeries  of  cnrveB  of  regolar  and  similar  oontonr.  Their  general 
charncteriatic  is  that  of  an  initially  rapid  descent,  which  as  anDealing 
continues  is  soon  retarded  until  finally  an  asymptote  parallel  to  the 
axis  X,  is  approximately  reached.  These  resnlts  corroborate  the  older 
resnlts  for  the  effect  of  the  time  of  'exposure  on  the  variations  of  the 
magnetic  state  of  a  bar.  The  phenomena  were  first  studied  by  Moserand 
Biesfi,'"  somewhat  later  by  Holmgren,'"  and  parlicolarly  emphasized 
by  the  latter  in  a  way  at  variance  to  the  views  of  the  former  observers. 
Physicists  were  inclined,  however,  to  refer  Holmgren's  apparently  anom- 
alous results  to  other  causes,'"  whereas  Lamont'"  pointed  out  that  Holm- 
gren had  operated  with  glass  hard  rods,  while  the  magnets  of  Moser 
and  Riess  were  uiitempered.  Qitjte  recently  G.  Poloni'"  has  given  tbe 
effect  of  the  time  of  exposure  due  prominence.  He  fails,  however, 
clearly  to  discriminate  between  the  results  obtained  in  cases  of  differ- 
ently tempered  bars,  or,  in  other  words,  confouuds  the  effect  due  to 
changeof  temper  with  the  magnetic  effect.  We  shall  show  in  the  sequel 
that  they  ore  entirely  distinct  and  can  be  separately  studied. 

Himultajieo'us  magnetic  and  mechanical  effect  nf  annealing. — But  there 
is  another  inference  of  greater  relevant'y  to  our  ira  mediate  inquiry.  The 
curves  under  consideration  are  strikingly  similar  to  tbose  formerly  ob 
taiued  while  investigating  the  electrical  effect  produced  by  a  change  of 
temper  of  steel  (annealing).'**  In  fact,  the  analogy  is  sufficiently  evident 
to  induce  ns  to  associate  tbe  observed  decrement  of  magnetic  intensity 
and  tbe  cotemporaneous  change  of  mechanical  state  of  glass-hard  rods 
as  phenomena  iotriosically  related.  In  other  words,  we  were  inclined 
to  regard  annealing  aa  the  primary,  and  the  diminution  of  magnetic  in- 
tensity (in  by  far  t^e  greater  part)  as  tbe  secondary  occurrence;  or  more 

'•'L.  Maser  and  P.  Eieu:  Pogg.  Ann.,  XTII,  p.  403, 1899. 

■xR.i..  Holmgren :  Acta  80c.  Solent.  Upula  (3)  I ;  FortBOhritted.  PbTdk.p.  536, 1856. 

"•Cf.,  O.  Wiedemann:  OalTanluunB,  II  a,  p.  614,  1»74. 

'*'J   Lamont:  MagnetiBDins,  p.  38K,  1967.  « 

">a.  Poloni:  Elletrloista,  IT,  p.  139.— B«iM.  II,  p.  &23,  1ST8, 

i«Stn>Qhal  and  Baraa:  Wied.  Ann.,  XI,  p.  930,  IWO.    Cb»p.  IL 
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accurately,  to  distingaish  between  a  primary  or  parely  magnetic  (per- 
*  maceDt)  effect  of  temperatiiie,  a  dirtet  effect;  and  an  indireot  effect  of 
teuii)eratnre,  d«e  to  the  iDfloence  of  the  rearrangement  of  molecules  in 
couseqoence  of  mechanical  annealing,  upon  the  existing  intensity  of 
magnetism  of  the  rod. 

Wit!)  the  object  of  verifying  this  hypothesis  we  selected  a  sample  out 
of  oar  supply  of  glaes-hard  rods  which,  wben  tested,  showed  great 
nniformity  of  hardness  throughout  its  leiigth.  This  was  broken  into 
two  nearly  equal  parts  Soa.  11  and  12.^^  The  constanU  of  each  were 
foand  to  be— 


No.  11. 

Ho.  IS. 

!££'.::. 

0.«T 

0.418 

T 

These  were  now  magnetized  to  saturation  with  the  helix,  and  then  an- 
nealed in  steam  at  100°  daring  consecutive  intervals  of  10,  20,  and  30 
minatee,  1,  2,  3,  4,  5,  and  6  hoars.  After  each  of  these  we  made  a  de- 
termination of  hardness  using  specific  resistance  s  at  the  atmospheric 
temperature  f  as  a  datum  for  this  purpose.  Furthermore,  in  order  to 
arrive  at  the  desired  comparison,  Ko.  12  was  remagnetized  to  satura- 
tion after  each  interval  of  annealing,  whereas  Ko.  11  was  tested  for 
specific  magnetism  in  the  condition  in  which  it  left  the  annealing  bath, 
that  is  without  repeated  magnetization. 

The  results  of  these  experiments  are  contained  in  the  following  tabic. 
The  specific  magnetism  is  represented  by  m*  and  m,  according  as  the 
magnetic  datnm  in  qnestioD  was  obtained  with  or  without  remagneti- 
zatioo  respectively.  W  here  denotes  the  observed  electrical  resistance 
of  the  respective  rods  per  meter  of  length  at  the  temperature  t,  a  the 
corresponding  specific  resistance  (cm./cm.*  O'^  microhm). 

Tablb  e&.-^Dlmin»tion  of  kardneti,  magnetisation,  and  iKogntUtabilits. 


M*gii«tirD.u. 
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43.8 
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'SB-'f 
S8.2 

Mis 

18.  T  i  Si.  a 

1»0[B3.9 

1B.B 

-' 

59.0 

"■Th»  mftgDeti  Nob.  1-lD,  were  used  in  the  woik  detailed  In  Chapter  T. 
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Mere  inapeotioD  of  this  table  discovers  at  ouce  the  striking  parallelism 
in  tbe  successive  values  of  specific  resistauce  «  and  specific  magDetism 
m.  If  the  t\To  series  of  results  be  represented  graphically,  time  of  ex- 
posure as  abscissa,  «  and  m  respectively  as  ordinate,  we  obtain  (Fig. 
21)  two  corves  of  an  obviously  allied  character.    Indeed  there  can  be 
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— Otmlnntion  of  speciBo  m 


no  doubt  that  the  occnrreoee  of  the  continuous  diminutiun  of  magnetic 
moment  here  observed  is  largely  conditioned  by  the  variation  of  hanl- 
ness  which  occurs  contemporaQeously.  It  is  particularly  to  be  ni>te<l 
that  in  both  instances  the  asymptotic  limit  is  reached  after  tbe  lapse  of 
the  same  tiuie,  approximately. 

If  now  we  regard  the  values  for  m'  as  obtained  with  the  magnet  No. 
12,  there  appears  in  the  first  place  a  diminution  of  the  quantity  of  mag- 
netism which  tltt  saturated  rod  permanently  retains,  which  soon  bow- 
ever,  as  annealing  continues,  reaches  a  certain  minimal  value  in  a  way 
consistent  with  the  results  of  the  former  esperimeuts.  Furthermore, 
from  a  comparison  of  the  values  of  m  and  m»,it  follows  that  during  the 
progress  of  the  annealing  the  influence  of  the  higher  temperature  ( 100°), 
regarded  in  connection  with  the  time  during  which  it  acts,  becomes  less 
and  less  pronounced,  in  proportion  as  the  magnet  itself  has  reached 
(748) 
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the  limiting  stnte  of  hardD«as  for  tbe  tempemtnre  (100°)  aoder  coasid- 
eratioD.  Bat  it  also  appears  that  the  sam^  limitiug  value  of  specific 
uiagiietism  gradually  reasserts  ibself, do  matter  how  often  the  combiDed 
process  of  magneti^^ation  and  snbseqnent  indefinite  annealing  may  be 
repeated.  Moreover,  a  magnet  which  has  approximately  reached  the 
limiting  hardness  for  tbe  given  temperatore,  if  remagnetized  to  satura- 
tion  and  annealed  again  at  the  same  temperature,  reaches  a  limiting 
magnetic  condition,  the  value  of  which  is  nearly  independent  of  the 
time  of  exposure. 

The  purely  magnetic  effect  {fermanent). — The  inference  enunciated  at 
tbe  end  of  the  last  paragraph  still  needs  additional  proof.  Accordingly, 
our  magnets  Nos.  11  and  12  were  now  magnetized  aAvsh  and  then  ex- 
posed to  steam  in  the  uniform  manner  described.  We  thus  arrived  at 
the  following  results: 


TAXLRfS.—^fftifie 


m,  of  MturoM  rvdi  mooemtoclr  ohmmM  at  100°, 


Tlni«af»piHi»lDlDO°. 
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•1           ff? 

R«1>  mnnEiietlied 
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::i     S! 

We  also  remagnetized  the  steel  parallel^pipedons  Nos.  I . . .  VI,  with 
which  the  ori|nnal  experiments  were  made,  and  then  annealed  them  in 
ftteam  in  the  usual  way,  repeating  the  wfaole  process  a  nnmber  of  times. 
The  following  table  contains  the  values  of  specific  magnetism  obtained: 

Table  Td.—Speafic  HLognelima,  m,  o/eatKraled  rod*  mcfettirelg  annealad  at  10fl°- 


Tltiwof  ripotureto  100°. 


bODrluntiuuil 


ICada  TEiunjniotliHl .  ■ 


!«.»      12.73  i    18.31  I    14,  M 


'■ 

VT. 

To-sa 

2S.12 

!0.il 

!^»4 

SftOT 

If  the  present  behavior  of  the  magnets,  where  the  ateel  has  practi- 
cally reached  itu  limiting  meobanical  state  for  100°,  is  contrasted  with 
the  above,  where  temper  varies  simnltaneonsly  with  magnetism,  a  much 
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smaller  and  thorooglily  nnifonn  loss  of  Hpeciflo  magoetisia  U  erery- 
wliere  apparent.  In  the  case  of  No.  11  the  original  loss  amoonted  to 
— i_ZL_i_=30  per  cent,  uearl;;  whereas  at  present  the  average  Iohs  is 

only — '■    ■     '-=5.3  per  cent.    Similarly,  the  average  loss  of  specific 

magnetism  of  the  rods  I  .  .  .  VI  was  originally  — '         ' —  =  55  per 

cent-nearly.    Sow  we  have  only  an  average  loss  of  -^  q  (to       =  ^-^  P**" 

cent.  Bnt  owing  to  the  fitot  that  these  magnets  had  beun  specially 
treated  at  the  ontstart — repeatedly  heated  fh)m  15<^  toOO^ — an  immediate 
comparison  between  the  last  results  and  those  for  No.  II  ia  not  to  be 
made. 

We  have  thns  arrived  at  a  partial  corroboration  of  certain  results  ob- 
tained by  Mo8eraDdBiess,'**andsubeeqaent]y  also  by  Dufonr.'*'  Follow- 
ing Moser  and  Bless,  we  have  for  the  successive  losses  of  a  hard  needle : 

>         ,  Fhcpdi. 

After  the  tirat  iiiagiietiEatiou 44.0 

After  the  second  magoetizatioD 6.1 

After  tbe  third  magactizatioa 4.4 

Bat  with  this  last  resnlt  our  observations  are  at  variance.  As  has 
been  stated,  our  data  have  invariably  shown  that  when  the  maximum  of 
permanent  hardness  correspondiug  to  any  temperature  has  once  been 
attained,  then  the  magnetic  effects  of  repeated  application  of  the  same 
annealing  process  are  identical,  the  losses  of  specific  magnetism  expe- 
rienced by  saturated  rods  constant. 

The  direct  and  indirect  effect  of  temperature. — We  conclude,  therefore, 
that  if  it  be  our  object  to  perspicuously  represent  the  law  of  the  pho- 
nomeua  in  question,  it  is  essential  to  discriminate  between  two  spe(^es 
of  magnetic  loss.  If  the  magnet  is  in  such  a  condition — for  instance 
glass  hard — that  the  higher  temperature  (1)  produces  a  mechanical 
effect,  then  this  is  invariably  accompanied  by  a  magnetic  effect  pecaliar 
to  itself,  and  as  experiment  has  shown,  of  relatively  very  large  intensity. 
The  reasons  for  this  behavior  are  obvious.  The  existence  of  magnet- 
ism is  conditioned  by  a  strain  of  a  particular  and  characteristic  kind. 
The  same  is  true  of  hardness.  It  is  very  probable,  therefore,  that  the 
partial  disappearance  of  one  of  these  strains  from  any  cause  whatsoever 
will  materially  interfere  with  the  intensity  of  the  other.'"  Why  the  in- 
fluence of  the  time  of  exposure  to  10U°  is  marked  when  the  state  of 
hardness  is  such  that  anuealing  produces  both  a  mechanical  and  a  mag- 

>'<Moeer  u.  Rleea :  Pogg.  Ann.,  XVII,  p.  4(Kt,  1839, 

i«Dnfour :  Fortschr.  der  Phyaik,  1857,  p.  iSS. 

luWbether  mere  mogDetizatiou  produces  a  change  in  the  temper  of  glaM-hard  steel 
la  still  to  be  investigated.    Iii  conseqiience  of  tbe  veif  small  varistttiii  of  dimeaeloDS. 
the  anticipstive  effect  must,  uf  course,  necessarily  be  small. 
(750) 
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netic  effect,  is  readily  seen.  For  tbe  latter  effect  must  continae  to  vary 
□□til  the  limit  of  variation  of  the  former  has  been  fully  reaohed ;  and 
the  annealing  effect  of  100°  in  case  of  glass- hard  steel  is  a  diminntiou  of 
bardnessi  occarring  at  a  very  gradually  decreasing  small  rate  througb 
infioite  time. 

When  this  has  occurred — i.  e.,  when  tbe  final  state  of  hardness  due 
to  an  exposure  to  T  has  been  reached — we  have  to  do  with  a  purely 
magnetic  phenomeuoD  only.  A  rod  magnetized  to  saturation  and  an- 
nealed at  P>  experiences  a  direct  effect — a  loss  of  specific  maguetisiu 
which  is  relatively  small,  nearly  independent  of  the  time  during  which 
T  acts,  and  the  cause  of  which  may  be  loosely  ascribed  to  a  smaller  co- 
ercive force  at  T  and  to  the  effect  produced  by  the  thermal  expansiou  on 
the  magnetic  strain.  We  may  add  that  while  in  the  first  case,  where 
the  rod  itself  undergoes  a  change  of  state,  a  limiting  value  of  specific 
magnetism  was  not  fully  reaohed  even  after  22  hours  of  annealing ;  in 
the  second,  the  action  is  certainly  complete  after  the  lapse  of  an  hour, 
and  occurs  io  such  a  way  that  tbe  principal  part  of  the  magnetism  is 
lost  within  the  first  ten  minutes. 

The  reasons  fully  appear  why  Moser  and  Biess  found  that  when  sofb 
and  annealed  rods  were  used  tbe  losses  were  not  only  small,  but  occurred 
with  the  characteristic  rapidity  of  those  here  enunciated.  In  this  case 
an  annealing  effect  due  to  100°  is  manifestly  impossible,  and  tbe  pecn- 
liarities  of  the  pnrely  magnetic  phenomenon  are  alone  observed.  It 
would  moreover  appear  that  the  latter  for  a  given  temperature,  T,  is  in- 
dependent of  the  material  used,  of  an  intrinsically  magnetic  nature.  At 
least  Moser  and  Biess  found  for  this  loss 

When  tfa«  DMdle  WM  Roft 13.6 

When  tempered  bine 13.4 

WheD  tempered  diBiry  red 13,7 

We  will  waive  this  matter  bere,  as  it  is  our  object  to  investigate  it 
specially,  paying  particular  attention,  moreover,  to  the  effect  incident 
upon  a  variation  of  the  dimensions  L/D.  Such  an  effect  is  already, 
though  somewhat  obscurely,  apparent. 

Pre-existing  mag^^eti!sation. — If  the  inference  derived  in  tbe  foregoinf^ 
paragraph  be  correct,  then  must  it  be  immaterial  whether  a  glass-hard 
nnmAgoetic  steel  rod  is  first  annealed,  say  in  steam,  at  100°,  until  the 
final  mechanical  state  for  this  temperature  has  been  practically  reached 
and  then  magnetized  to  saturation,  or  whether  the  rod,  originally  sat- 
urated, is  annealed  and  then  remagnetized,  as  in  the  previous  case. 
The  ultimate  result  must,  in  other  words,  be  independent  of  pre-existing 
conditions  so  long  as  these  are  effects  of  a  lower  order  than  correspond 
to  tbe  given  temperature. 

In  order  to  give  this  question,  which  partakes  of  the  nature  of  a 

cmcial  test,  due  experimental  consideration,  two  rods,  Nos.  13  and  11, 

of  eqoal  length,  were  broken  from  a  glass-hard  sample  of  the  same 

(761) 
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thickness  (0.084  cm.)  and  material  as  Noa.  11  and  12.    The  constaDts  of 
tlie  new  magnets  are : 


Ho.  18.    1     VO.H.     1 

iSS".;:::: 

B.I      1       <lLt«m. 

Of  these,  ISo.  14  was  magnetized  to  saturatioa;  Ko.  13,  bowever,  left 
nDmagnetized.  Botb  were  tben  exposed  to  the  action  of  eteam,  and 
the  progress  of  the  annealing  investigated  by  repeated  measuremeDts 
of  the  specific  resistances  of  the  rods.  Unfortunately,  a  piece  of  No.  13 
was  accidentally  broken  off  in  clamping.  The  new  rod  (No.  13)  was 
8.T  cm.  long  snd  weighed  0.363  g.  The  two  wires  in  their  present  condi- 
tion wonld  not,  however,  permit  us  to  discuss  the  question  from  u  aa£S- 
«ient1y  broad  standpoint,  and  we,  therefore,  selected  three  other  wires 
of  the  diameter  0.2  cm.,  so  chosen  as  to  present  nearly  the  same  specific 
resiBtances,  viz : 


»  =  <».*  {^ll*MilonAiB.  ) 


The  rods  were  tempered  by  sadden  cooling  after  beating  to  redness 
in  the  l]amc  of  a  blast-lamp.  Out  of  the  first  bnt  a  single  magnet  was 
taken,  No.  15,  and  but  oaf,  No.  16,  fVom  the  second;  while  to  the  third 
and  most  homogeneous  of  the  three  the  two  shorter  magnets,  Nos.  17, 
and  18,  owe  their  oripn.  It  was  intended  to  have  the  lengths  of  Nos,  15 
and  IC  and  of  Nos.  IT  and  IS  identical,  bnt  it  is  difficult  in  the  case  of 
wires  of  this  thickness  to  break  them  off  at  a  prescribed  mark.  Small 
variations  of  length  are,  therefore,  unavoidable.  The  constants  of  the 
four  magnets  (0.21  cm.  thick]  are: 


"L 


These  were  now  treated  in  a  manner  analogous  to  that  applied  to 
Nos.  13  and  14;  11  hours  of  annealing  in  steam  at  100°  transferred 
them  into  the  final  state  of  temper  for  this  temperature,  not  completely, 
it  is  true,  but  sufifcieotly  so  for  the  purposes.  All  were  now  remag- 
netized.  Nos.  15,  IG,  17, 18,  acted  on  by  steam  for  some  time,  and  their 
magnetic  behavior  examined,  were  then  remagnetized  again,  and  once 
more  annealed.  Hos.  13  und  14,  however,  were  first  exposed  to  a  lowef 
temperature,  that  of  boiling  methyl  alcohol  at  66°,  during  a  certain  in. 
terra! ;  and  not  until  the  magnetic  limit  for  66°  had  been  fblly  reached 
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were  they  espoded  id  steam,  in  order  that  the  limiting  value  of  perma- 
nent epeciflc  piaguetism  oorrespODding  to  the  new  temperatnre  (100°) 
might  in  its  tarn  appear.  The  data  ezpresaing  the  magoetic  eBect  of 
these  operations  are  detailed  in  the  following  tables,  71  and  72.  As 
before,  W  denotes  the  resistance  per  meter  of  length  of  rod  at  t°,  i  the 
corresponding  specific  resistances  at  zero. 

Table  71.— tfmiJ*  of  majneHo  itatt  at  100°. 


TtoworeipMoi*. 

U.si.et 

NO.  13. 

i 

Magneto 

1*. 

W 

,      1 

'      [ 

' 

-       1 

» 

1         1            4 

™ 

atatt-herd. 

ohm. 

701 
MO 

% 

«32 

C.      'mierolim. 
Ill         |> 

....j 

i 

.      009 
034 

tat 

ii 

0  0 
9.0 

40.1 

38.S 
37.1 

S5.0 

0*4,  ff. 

if-'-^eiM-    ■ 

ilil 

g! 

.7..J 

Tablb  72.— Limit*  of  magnetio  ttato  at  100°. 

•H«  Of  ..,,««. 

U*gBMKo.U. 

VaeBVtyo.W. 

No.  IT. 

No-U. 

^ 

(       1       , 

» 

v;  ,  ,.i« 

« 

, 

1 
1 

1     j 

27.8 

it:  4 

o.im 

1105 

10»7 

lots 

9.0        39l9 
B.1        34.fi 

9.9   ,      33.  T 

"a:t 

4  !t 

4.« 
43.4 

4.9 

iii;      B.B'M:fl|3s;a 

1049  1      9.1     34:7  'wo 

31.  t 

; 1  43.0 

Magnetic  ^ect  of  annealing — Final  result. — In  this  series  of  reenltii 
oar  views  are  folly  corroborated.  When  the  limiting  state  of  hardness 
conditioned  by  the  temperature  of  annealing  Tha«  once  been  reached, 
then  it  is  wholly  Immaterial,  in  so  far  as  the  subseqoent  magnetic  be- 
havior is  concerned,  whether  the  rod  was  originally  a  magnet  or  not. 
The  coDsecative  values  of  m  for  Sos.  15  and  16,  as  well  as  Nos.  17  and 
18,  after  11  hours  of  annealing  and  remagnetization  hare  been  applied, 
manifest  a  perfectly  similar  progress  throughout.  The  same  is  trne  of 
Sob.  13  and  14,  both  while  in  vapor  of  methyl  alcohol  and  while  i« 
Bull.  14 11  •(763) 
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steam.  It  will  be  observed  that  the  limiting  magnetic  state  for  66^^ 
differs  from  that  of  100°,  although  neither  Ib  able  to  effect  aoy  farther 
change  in  the  qualities  of  the  material.  Whence  it  follows,  in  complete 
analogy  with  the  reanlts  formerly  found  in  the  case  of  simple  anneal- 
ing, that  iu  the  present  case  each  giveu  temperature,  after  having  been 
applied  to  a  gla»a-hard  rod  to  produce  and  coasnmmate  the  mechanical 
effect,  and  thereupon  to  the  remagnetized  rod  for  magnetic  effect,  has 
its  particular  and  cbaracteriatic  magnetic  limit. 

Simultaneous  variation  of  specific  resi»tance  and  magnetigm  (loto  temper- 
ature).— In  Fig.  21  the  diminution  of  speciflc  resistance,  together  with 
the  simuHaneous  variation  of  specific  magnetism  due  to  aunealiug  at 
100°,  has  been  graphically  represented.  The  results  are  those  above 
given  for  the  magnets  Nos.  11, 14, 16,  18.  The  similarity  iu  the  two 
Bet«  of  carves  suggests  an  inquiry  into  the  mutual  dependence  of  tmaa 
quantities.    In  figare  22  we  have  plotted  specific  resistance  as  abscissa 
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and  specific  magnetism  as  ordinate.  The  points  are  found  to  lie  on  loci 
of  small  curvature,  approximately  parallel  to  one  another.  The  mem- 
bers of  the  family  appear  the  more  nearly  linear  the  greater  a=-jy 
and  therefore  the  simpler  the  linear  distribution  of  the  magnetism.  All 
are,  of  course,  only  the  initial  parts  of  far  more  extensive  curves  to  be 
obtained  by  continuing  the  annealing  at  temperatures  higher  than  lOflo. 
The  data  for  Nos,  11,  14, 10,  and  17,  moreover,  show  iu  how  far  the 
diminution  of  specific  magnetism  from  the  original  to  the  final  value,  as 
(754)    « 


UAGNETIBH   AND   KE8I8TANCE.  163 


resulting  ftt)iii  anuealing,  ia  dependent  on  the  ratio  of  dimenBions  a. 
We  have  the  following  valnes  for  the  amonnts  lost: 


'-  =30  per  cent ; 


_  JO  _ 

0.084~ 


51.4-37.0. 


No.  18.. 


"SIT 
48.1-24.6 

— 4s:i 

32.3-10.7 
■      33.3 


=28  percent.}  _=a;=-^ 


=49  percent;  7^=0'= 


OiSO?" 


=67percent;-=«=-^=14. 


'  I>    "    0.207 

It  appears,  therefore,  that  long,  thin  magnets  lose  decidedly  less  than 
those  of  small  length.  Bat  the  initial  intensit;  is  not  witboat  inflaenee. 
For  instance,  although  both  No.  11  aod  No.  14  were  originally  saturated, 
the  former  retained  a  larger  qoautity,  whether  in  virtne  of  its  state  of 
hardness  or  from  small  differences  of  chemical  composition  does  not 
appear;  for  the  loss  of  No.  11  le  greater,  or  else  that  of  No.  14  smaller, 
than  the  other  values  woald  indicate. 

In  a  similar  manner  the  ioflaence  of  hardness  appears  in  a  series  of 
experimuits  made  with  ten  small  steel  parallelopipedone  of  nearly  the 
same  dimensions.  These  magnets  (designated  by  No.  VII  to  No.  XYI), 
2.5  cm.  long,  0.4  cm.  broad,  and  0.3  cm.  thick,  of  the  same  material, 
were  gluss-hardened  in  the  same  way — in  so  far  as  this  is  possible  in  the 
ordinary  method  of  tempering — and  finally  magnetized  to  satnratiou  1^ 
the  action  of  the  same  magnetic  field  (helix).  The  following  tabular 
fsompaiison  of  the  results,  however,  shows  variations  of  a  kind  snch 
that  few  consistent  inferences,  with  the  exception  of  that  emphasizing 
the  effect  of  hardness,  can  be  deduced  Irom  them.  Bat  Jiom  this  very 
&ct  the  importance  of  structural  effects  is  again  clearly  indicated. 
Table  7S.— Xixtt)  0/  ntagneOe  ttaU  at  100°. 
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1.91 

14.18 

LiM>  la  percent  or  orlRliid  nine  (m) ; 

Table  7A.-~Li1n^lt  of  magntiio  Hate  at  100°. 
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8pec^  resistance  and  apeeific  magnelitm — Higher  temperaturet  of  an- 
neaiing. — The  following  final  experimenta  on  tbe  relation  between  mag- 
netic moment  per  nnit  of  maa8  and  tbe  reepective  sx^ecific  refiistance,  id 
case  where  a  dimination  of  both  qaallties  is  effected  by  auoealiDg,  give 
ftarther  insight  into  the  natare  of  this  foQCtiooality.  Two  magoetA,  ITos. 
19  and  "0,  were  broken  from  a  glass-hard  rod,  No.  VIII  (diam.  0-147  cm.), 
and  exposed  for  different  leogths  of  time  in  hot  baths.  The  constanta 
of  the  magnets  are  these : 


LedCth  . . 


,  J  , 


The  resnlts  obtained  by  examination  at  different  stages  of  the  opera- 
tion of  annealing  are  given  by  the  following  table: 

t  and  galvanic  kardntM,  far  OM- 
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These  carves  (figure  23)  pass  fit>m  convexity  as  regards  the  axis  x 
throagh  a  point  of  circnmflexioa  Into  concavity.    Both  loci  are  vei^r 


\ 

A 

\ 

.s*ao<L-ei:9 

s. 

-~~-_ 

,3fri9tL'ioa 

o     .                      ' 

Sardnea*  (apedfie  rtaiaUauXjTTUcrbhm^ )  dtereaaing, 

FlO.  ZB. — glmnlUuroaa  rarlUibn  of  apwlflg  TDUuettun  bdiI  BpecLflo  reiliituics  Id  oh  of  aoDtinaed  ao- 


mnch  alike,  decreasing  rapidly  near  the  origta  as  well  as  near  their  ex- 
treme points  (annealed  at  330°).    Short  magnetB  lose  their  maguetiza* 
(756) 
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tioD  wbeD  exposed  to  temperatures  at  more  rapid  rates  tlian  long  ones. 
The  latter,  oo  the  whole,  ahow  greater  magnetic  permaoeuce  ttiau  the 
former. 

The  interpretatioa  of  these  phenomena  is  difficult.  Bot  it  is  in  place 
to  present  the  salient  points  to  be  considered  here.  For  the  reasons 
given  on  page  145,  a  perapicaoas  relation  between  magnetism  and  resist- 
ance can  only  be  anticipated  in  case  of  linear  rods.  The  results  in 
hand  conform  with  this  view  to  the  extent  that  the  observed  cnrva- 
tore  diminishes  in  marked  degree  in  proportion  as  a  increases 
(cf.  Fig.  22).  In  general,  moreover,  there  are  two  phenomena  su- 
perimposed: the  direct  magnetic  e£fect  of  temperature  and  a  much 
larger  indirect  effect,  the  latter  being  the  magnetic  effect  of  a  chnnge 
of  hardness  (annealing)  produced  by  temperatare,  sitnaltaneously.  In 
the  case  of  a  given  rod  {a  constant  and  large)  the  direct  effect  is  a  ftinc- 
tion  of  time  and  temperature.  The  indirect  effect,  on  the  other  hand, 
mnstbe  expressible  as  a  function  of  8  since  this  quantity  shows  the 
.amoant  of  change  of  mechanical  state.  Take  rod  iTo.  11,  in  which 
a  is  large,  for  instance,  and  deduct  the  direct  effect  given  in  Table  69 
from  the  superimposed  effects  given  in  Table  68;  the  variation  of  mag- 
netic moment  (m')  and  hardness  for  the  indirect  effect  alone  is  given  in 
this  table: 


Tbne  of  aiiiMaUng. 

DiTOOtefltot. 

iDdlrMtefllHt. 

. 

62.8 

41.3 
4S.B 

li 

SB.5 

ta.7 

M.1 
S4.8 

33.1 

32.8 

MnlnitM 

Jh<ra™ 

Here,  therefore,  the  relation  between  m'  and  s  is  approximately  linear. 
Thus  far,  however,  magnetizability  has  decreased ;  its  variation  is  small. 

A  passage  to  higher  annealing  temperatorea  is  accompanied  by  a 
marked  increage  of  magnetizability.  The  actnal  magnetism  possessed 
by  the  rod  after  thorough  annealing  in  the  lower  temi>erature  (100°), 
may,  therefore,  fall  so  far  short  of  the  attainable  saturation  at  a  higher 
temperatare  as  not  to  be  affected  sensitjly,  either  by  the  direct  or  the 
indirect  influence  of  the  said  higher  temperature.  This  inference  is 
snttstantiated  by  the  data  in  Table  75  for  the  rods  21  os.  19  and  20.  The 
slight  variation  of  specific  magnetism  in  the  case  of  higher  annealing 
temperatures  (185°,  330°)  is  exhibited  in  Fig.  2.S  by  the  approxi- 
mately horizontal  parts  of  the  corresponding  cnrves.  It  follows,  there- 
fore, that  before  the  relation  of  magnetism  and  resistance  can  be 
thoroughly  discussed,  the  character  of  the  relation  between  maximum 
of  permanent  magnetism  and  hardness,  which  in  Figs.  17  and  1$  is 
(767) 
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graphical!;  given  for  ordinary  temperatures,  mast  be  kaown  for  all 
other  temperatures.  In  other  words,  a  family  of  carves  sacb  as  giveo 
by  Fif^s.  17  to  20  exists  with  equal  definitenesB  for  higher  tempera- 
tures (100°,  200°,  300°,  etc.]  and  from  the  co-ordinatiou  of  such  series 
of  families  the  value  of  the  direct  or  pnrely  magnetic  effect  of  tempera- 
ture is  dedacible  for  any  given  circumstances. 

Furthermore,  the  increments  of  the  enperimposed  magnetic  effiects 
aud  the  simaltaneous  increments  of  speciflv  resistance  should  be  com- 
pared when  obtained  under  circumstances  snch  that  the  (linear)  rod  re- 
mains, as  nearly  as  possible,  in  a  state  of  magnetic  saturation.  It  is, 
therefore,  easentially  necessary  to  compare  increments.  The  character 
of  the  direct  effect  being  known,  that  of  the  indirect  effect  follows. 

It  will  be  observed-that  the  difficulty  encountered  here  is  the  result  of 
variation  of  magnetizahility.  Moreover,  the  direct  aud  indirect  effects 
need  not  necessarily  vary  independently  of  each  other  when  superim- 
posed. 


HAONETIC    BETENTIVENE8S    A.8    SEOABDS  THE    EFFECTS    OF    P^- 
CU8SI0K  AND  TIME. 

Effeets  of  temper<Uiure,  percussion,  time. — The  use  of  annealed  in  the 
place  of  glass-hard  magnets  for  magnetic  instruments,  procures  for  ns 
the  decided  advantages  of  a  diminished  sensitiveness  as  regards  the 
influence  of  temperature,  If  a  magnet,  which  is  thus  to  be  used,  is 
annealed  at  a  given  higher  temperature  T° —  we  will  continue  to  sup- 
pose it  produced  with  steam,  a  method  both  coDvenleut  and  satis- 
i^tory — nntil  the  limit  of  hardness  characteristic  of  this  temperature 
has  been  attained,  then  will  this  material  be  perfectly  passive  in  so  far 
as  temperatures  below  T°  are  concerued.  If  the  rod  is  then  magnetized 
to  saturation — how  often  soever  this  may  have  been  previously  done  is 
entirely  without  consequence — and  again  thoroughly  annealed  at  T°, 
then  the  magnet  will  in  a  comparatively  short  interval  of  time  arrive 
at  a  stable  and  limiting  magnetic  state,  which  when  exposed  to  tem- 
peratures below  2^  will  in  its  tarn  be  equally  passive,  i.  e.,  suffer  no 
permanent  magnetic  variations.  But  where  magnets  are  to  be  used  for 
purposes  of  measurement,  a  full  goarantee  for  their  stability  as  regards 
permanent  effects  from  changes  of  atmospheric  temperature  is  not  the 
only  desideratum.  The  efficiency  of  the  magnet  is  conditioned  almost 
to  an  equal  extent  by  its  poiver  of  magnetic  retention  against  snch  in- 
fluences as  percussion  or  rapid  vibration,  or  indeed  the  prolonged  effect 
of  time.  That  the  methods  previously  employed  for  the  construction  of 
magnets  for  practical  purposes  are  invariably  deficient  in  this  respect 
is  well  known,  and  it  will  therefore  be  adequate  to  add  in  this  place  a 
single  authoritative  statement  only. 
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Observattont  of  WHd. — In  the  "  Annalea  des  physikalischeD  Ceotrsl- 
observatorioma,"  St.  Petersburg,  p.  63, 1878,  H.  Wild  diacassea  the  effi- 
eiency  of  EdelmuiD's  bifllar  magnetometer  aod  refers  to  the  magnet  of 
this  apparatos  as  follows:  f 

Obgleloh  der  Xsgnet  nmcih  aeiner  HaKnetidnmg  abweahMlad  einer  Temperatar  von 
0°  QDd  30°  oa.  30  UbI  anigcBetEt  worden  war,  nm  Um  permanenter  zd  macben,  faad 
dooh  etne  achneUe  Abnahme  des  magnetliclien  Uomente*  atatt,  so  dus  «ie  niehrfaobe 
V«nt«]liiiigeii  und  VerinderaiiKN)  erfoiderte.  Damit  ofimliob  die  Soala  oooli  nicht 
gans  an*  d«m  Gkslchtafelde  heraoBillcke,  maaale  Mhon  am  IT.  April  (aeit  ADfatig  De> 
oember]  der  Torraonswinkel  am  1°  &1'^  Teimindert  wordeo,  am  wiedor  die  Mitte  der 
Scala  in  das  Oedolitafeld  dea  Fenuohis  id  briDgen  .  .  .  Da  die  TenniDdeniiig  itt 
Magnetischen  Momentes  dea  Stabea  anoh  In  folgendeti  Uonaten  angeachirfioht  fortdaa- 
arte,  so  befllrclit«te  Ich,  ea  set  der  Hagoet  achleeht  and  lieaa  naoh  dean  UuaUr  dM- 
•elb«n  eineo  nenen  henteUen. 

A  numerical  estimate  of  these  variations  is  fiimiahed  by  tbe  follow- 
ing data :  The  magnet  in  qnestioii  was  8.0  ceDtimeters  long,  2,1  centi- 
meters broad,  and  0.22  centimeter  thick;  its  magnetic  moment  M  and 
speoifio  magnetism  m  were  found  initially,  after  the  change  of  tempera- 
ture mentioned,  to  be — 

M=96i.2  ni»28.31; 

after  9  months : 

M=9U.5  m=27.14 

The  mean  loss  per  month  was  therefore  as  high  as  0.46  per  cent,  of 
the  original  valne,  bnt  the  new  magnet  was  hardly  foond  to  be  prefer- 
able to  the  old.  On  page  8  of  the  "Annalen  des  OentralobserTatorioms, 
etc.,"  1879,  H.  Wild  reports  as  follows : 

Ancb  der  nene  Magnet  verlor  nacb  der  Anftaongnnj;  am  Bifllor  noob  fortwSbrend 
bis  Eom  Schlnsee  dee  Jahres  bo  viel  HagnetismiiB,  dnes  eiae  Gearbeitnng  dei  Beobaob- 
tnng  aa  dieeem  Bifilar  nicht  errolgen  konnte. 

This  magnet  hod  also  been  sobjected  In  the  nsual  manner  to  16  snc- 
eessive  changes  of  temperature  between  0°  and  56°. 

The  following  data  show  the  extent  of  these  variations  accurately: 

On  the  29th  of  December,  1878,  immediately  after  magnetization  the 
magnetic  moment  M  and  the  specific  magnetism  m  of  the  bar  were 

Af=1852  )n=55.0 

Some  time  after,  on  the  1th  of  Febmary,  1879, 

3f=1766  »t=52.1 

After  16  changes  of  temperature  between  0°  and  W, 
M=1GM  m=50.3 

The  explanation  of  these  resnlts  on  the  basis  of  our  investigation  is 
no  longer  difficult.  It  was  customary — following  Biess  and  Moser,  who 
considered  the  timo  of  expognre  to  the  higher  temperature  as  of  no 
consequence — to  put  the  principal  stress  ou  the  condition  of  a  change 
of  temperature.  As  a  result,  tbe  magnet  was  subjected  to  the  influence 
of  the  higher  temperature  only  long  enough  to  heat  it  uniformly  throngb- 
ont.  Even  Holmgren  contended  that  permanent  and  hnrtful  effects  of 
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leinperatui«8  between  given  limits  (0°  aiid  lOO'^)  could  l>e  made  to  vanish 
by  repeated  alternations  of  temperature  from  the  inferior  (0°)  to  the 
superior  (lOOo]  limit,  nud  with  this  end  in  view  heated  and  reoooled  bis 
,  magnet  fully  213  times.  Possibly  this  might  actually  suffice.  If,  how- 
ever, aa  i»  usual,  only  20-40  alternations  are  made  (and  even  this  U 
tedious  and  troublesome,  consuming  mncb  time),  a  safflcieutly  advanced 
■tate  of  annealing  can  hardly  have  been  attained.  To  a  much  smaller 
rxtent  even  will  this  be  the  case  where  temperatures  only  as  high  as 
50°  are  employed.  The  magnet  therefore  practically  remains  in  an  ex- 
treme of  gla«s-hard  state,  »  conditio.n  in  which  strains  of  an  intensity  so 
enormous  exist  in  tbe  rod,  that  irrespective  of  other  causes,  changes  of 
mechanical  state  pnrely  the  results  of  time  may  be  anticipated.  By  the 
process  of  annealing,  these  abnormal  straius,  so  to  speak,  are  diminished 
60  A-alocft  which  insure  far  greater  stability  of  mechanical  state. 

Better  results  are  obtained  by  application  of  higher  temi>eraturcs  than 
50°,  if  the  action  of  these  is  sufficiently  prolonged.  For  instance,  a  mag- 
net, destined  to  l>ecome  a  part  of  the  bifllar  at  the  Physical  Institute 
at  Wurzburg,  was,  after  magnetization,  held  for  ten  minutes  in  boiling 
water  and  then  adjusted  in  place.  The  original  specific  magnetism  was 
found  to  be 

tR  =  28.95  At  =  2397 

After  the  annealing 

m  =  21.43  M  =  2023 

Since  that  time  the  bifllar  ha«  been  in  continual  use,  and  the  behavior 
is  quite  satisfactory.  If  we  observe  how  great  is  tbe  initial  change  of 
hardness,  relatively  speaking,  during  the  first  ten  minutes  of  exposure 
to  100°,  we  infer  that  even  this  amount  of  anne.'vling  is  sufficient  to  re 
duce  ttie  hurtful  excess  of  strain  to  a  degree  that  insures  fair  stability. 
A  constancy  of  magnetic  moment  under  like  conditions  is  the  result. 

Obviously,  however,  results  of  better  permanence  will  be  reached 
where  the  annealing  at  the  practically  convenient  temperature  of  100° 
is  sufficiently  prolonged  to  leave  the  magnet  in  the  limiting  mechanical 
State  characteristic  of  this  temperature.  But  unfortunately  siich  a  pro- 
eess  would  diminish  the  magnetic  intensity  verj'  materially;  indeed,  iu 
thcusnalcaAeof  aratioofdimeusionsrrslO  ....  20,  a  loss  of  even 
more  than  70  percent,  is  (^■equently  met  with  in  the  above.  If,  how- 
ever, the  bar  is  again  magnetized  to  saturation,  the  original  intensity 
will  be  very  nearly  regained;  whereupon,  if  tbe  process  of  anneabng  is 
tince  more  applied,  a  limiting  magnetic  state  possessing  the  desired  sta- 
bility, is  reached,  with  a  loss  of  magnetization  amounting  to  onli/  5  to 
10  per  cent- 

ilaximum  hardness  and  magnetization  for  100°,  stable  tit  0°. — Sow, 

thciv  i»  ample  reason  fur  the  belief  that  rods  in  this  singular  magnetic 

•tnte  iKtsseas  the  best  available  qualities  of  magnetic  retention.     If  a 

glass-hard  saturated  magnet  t>e  dropi)ed,  the  result  is  invariably  a  loss 
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of  magnetic  motuent.  This  is  bj*  no  means  tbe  case  witb  rod»  subjected 
to  tlie  treatoieDt  specified.  Even  if  a  abarif  blow  be  iatentionally  ad- 
ministered, or  the  ma^et  be  thrown  with  violeoee  ajiOD  the  floor,  tbe 
actioo  is  without  appareiit  magoetic  effect.  As  an  example  we  will  cite 
the  following  observations  made  with  a  short  and  thick  mairuet.  It  is 
bnovn  that  the  reteBtivcness  of  such  is  mnch  inferior  to  that  of  long, 
thin  rods. 

The  magnet  was  2.5  centimeters  long,  0.4  centimeter  broad,  and  0.3 
centimeter  thick.  At  the  outset  it  was  parijosely  boiled  for  but  4  hours 
iu  water;  then  magnetized  to  saturation,  and  subjected  during  2  hours 
to  the  action  of  steam.  Our  magnetometer  showed  the  following  aver- 
age deflectioD  of  Ave  readings  (scale-parts  millimeters) : 

n  =  27.00 
Then  the  magnet  was  placed  on  a  block  of  wood,  and,  with  tbe  aid  of  a 
second  block,  sharply  struck  30  times  at  right  angles  to  the  direction  of 
its  magnetic  axis,  and  20  times  in  a  direction  with  it.  After  placing  tbe 
magnet  aside  for  a  time,  in  order  that  its  original  temperature  might  be 
reassamed,  the  reading  at  tbe  magnetometer  was 

fl  =  26.97 
The  same  process  was  repeated,  with  the  result    ' . 


Even  if  the  slight  diminution  froai  27.00  to  26.93— about  0.3  per  cent- 
had  existence  in  fact — that  is,  was  not  due  to  errors  of  observation,  but 
to  magnetic  moment  lost — still,  as  it  represents  the  magnetic  effect  of 
100  powerfal  blows,  it  is  certainly  negligible.  But  this  magnet  has  not 
yet  reached  the  maximum  of  permanent  bardnesa  for  100°.  Whence  it 
follows  that,  from  a  rigid  application  of  our  method,  results  more  satis- 
factory' even  than  this  are  to  be  looked  for. 

Experiments  of  a  determinate  and  final  character  were  made  ui>ou  a 
hollow  cylindriciil  magnet,  weighing  109.32  {f.  The  length  of  the  tube 
was  16  centimeiers,  its  outer  radius  1.6  centimeters,  it«  inner  radius  1.2 
centimeters.  After  tempering  to  glass  hardness  it  was  magnetized  to 
sataration,  then  annealed  in  steam  at  100°  for  a  period  of  30  hours. 
After  this  tbe  cylinder  was  once  more  magnetically  saturated  and  there- 
upon reainuealed  in  steam  for  10  hours.  The  specific  magnetism,  deter* 
mined  from  time  to  time,  showed  tbe  following  values: 

Magnet  gl&ss-hard,  saturate^] tn  =  41. 0 

10  hours  in  steam  at  100° m  =  26.1 

20  hours  iu  steam  atlOQo m  =  25.2 

30  hours  iu  steam  at  100^ in  =  24.8 

Magnet  aunealed,  resatnratcd m  =  39. 9 

5  hours  in  steam  at  100° m  =  33.8 

10  hours  in  steam  at  lOOo m  =  33.1 
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Iq  the  laat  instacce  the  needle  of  onr  magnetometer  for  adistance  of 
72.0  centimeters  of  the  magnet  and  a  rotation  of  the  same  of  I'SO°,  was 
deflected  over  n=i75.G  scale-parts  (millimeters),  where  260  centimeters 
intervened  between  mirror  and  scale  and  the  whole  measarement  wa» 
sabject  to  the  conditions  of  Gaass's  second  position. 

The  magnet  was  now  introduced  into  a  long  and  wide  glass  tube  and 
allowed  to  fall  vertically  for  a  distance  of  1.5  meters,  impinging  oo  a 
block  of  wood.  This  was  done  once  with  the  north  pole  and  again  with 
the  south  pole  downward,  whereupon  the  deflection  was  found  to  be 
n=475.2  scale-parts,  and  10  minutes  later  n=475.6  scale-parts. 

We  then  allowed  the  same  magnet  to  fall  in  horizontal  position  from 
a  height  of  i  meter  upon  the  floor.  After  ten  of  these  descents  the  mag- 
netometer showed  n  =  174.7  scale-parts,  and  tlve  minntes  later  n=475.0- 
scale- parts. 

Finally  the  magnet  was  again  introduced  into  the  glass  tabe  and 
dropped  in  vertical  position  fh>m  a  height  of  1.5  meters,  with  the 
north  and  south  poles  alternately  foremost.  After  ten  repetitions  of 
this  treatment  we  observed  the  deflection  n  =  473.3  ;  after  three  min- 
ntes, nt=474.0  ;  after  thirty  minntes,  n=475.5. 

The  observed  difference  may  therefore  safely  be  referred  to  temporarj- 
tbermal  variations,. portly  incident  to  the  percussion  experienced  by  the 
rod,  partly  due  to  contact  of  the  latter  with  the  hand  of  the  operator. 
A  destructive  efiiect  dne  to  percassiou  cannot  be  said  to  be  apparent 
at  al),  despite  the  intense  shocks  to  which  the  magnet  was  exposed. 
The  temperatare  of  the  room  ( =&>.0)  did  not  vary  during  experiment. 

After  these  results,  the  inference  is  warranted  that  the  magnetic  re- 
tentiveness  of  rods  tempered  and  saturated  in  the  manner  set  forth  will 
be  proof  against  effects  of  cold  of  the  same  order,  such  for  instance  as 
are  met  with  by  observers  in  the  polar  regions.  Direct  researches  on 
this  point  are  contemplated.  Whether  or  not  cold  is  capable  of  pro- 
ducing a  mechanical  annealing  effect  is  unknown.  Certain  it  is  that  it 
would  be  discernible  ouly  by  such  sensitive  metla>ds  as  are  employed  in 
Chapter  II.  But  the  marked  magnetic  effect  produced  by  reduction  of 
temperature  has  long  been  understood.  Indeed,  J.  Trowbridge,  by  tbe 
use  of  carbonic  acid  and  ether,  was  able  to  diminish  tbe  magnetic  mo- 
ment in  this  way  fully  66  per  cent.  In  the  case,  however,  where  a  nxl 
is  in  the  magnetically  stable  condition  as  regards  an  elevation  of  tem- 
perature of  say  100°,  it  is  altogether  probable  that  if  cooled  to  a  similar 
extent  it  will  contiuue  to  possess  the  desirable  quality  in  question. 

We  believe,  therefore,  in  the  method  deserilwd.  actually  to  have  found 
a  process  for  tbe  construction  of  magnets  of  exceptional  cons^ncy  and 
of  jwwerful  magnetic  retentivenesH.  In  how  fur  this  quality  may  Iw 
jtreserved  in  tbe  lapse  of  time,  will  have  to  be  deferred  to  the  verdict 
of  observers  by  whom  such  magnets  may  possibly  be  used.  How  much 
more  reliable  and  satisfactory  measurements  made  in  different  parts  or 
tbe  eartb  will  be,  when  tbe  ma^uels  are  no  longer  liable  to  injury  from 
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the  shocks  and  blows  uunroidably  eacoDntereddoriug  tranaportation^ 
needa  no  farther  commeDt. 

Id  conduBion,  we  desire  to  add  the  followiug  rales  for  the  practical 
coDatructioD  of  magnets : 

1.  Bods  tempered  glass-hard  are  never  to  be  used  as  essential  partsor 
magnetic  instruments. 

2.  After  baviiig  tempered  the  rod  in  a  way  that  insures  a  uniforaiity 
of  glass- hardness  tbrooghont  its  length,  expose  it  for  a  long  time  (say 
20  to  30  hoars ;  in  the  case  of  massive  magnets  even  longer  intervals. 
are  preferable)  to  the  action  of  steam  at  lOOO.  The  operation  may  be 
tnterrnpted  as  often  as  desirable.  The  magnet  has  now  reached  the 
highest  or  hardest  of  the  mechanica)  states  which  are  no  longer  in- 
flaenced  by  temperatures  below  100°. 

'  3.  Magnetize  the  rod,  no  matter  whether  originally  a  magnet  or  not, 
to  sataration,  and  then  sabject  it  daring  a  period  of  aboat  5  hoare  (in  . 
the  case  of  large  massive  magnets  even  longer  intervals  are  preferable] 
to  the  action  ot  eteam  at  100°.  Then  the  magnet  will  have  reached  the 
highest  and  most  poweifal  of  the  toagoetic  states  which  are  no  longer 
ioflnenced  by  temperatnrea  eqnal'to  or  less  than  lOO^^.  The  magnet  is 
DOW  ready  for  nse. 

It  may  be  added  that  the  advantages  of  nsiog  steam  are  two  fold :  In 
the  first  place,  the  process  is  exceedingly  convenient  and  economical.*** 
In  the  second,  it  will  be  remembered  that  the  temperature  100<^  ulti- 
mately leaves  the  rod  in  a  condition  in  which  the  ehange  of  capacity  for 
magnetization,  as  bardnese  decreases,  takes  place  along  the  coatoais  of 
a  very  flat  minimum.'**  Even  if  slight  chaoges  of  haidness  should 
Bubseqnently  occnr,  their  magnetic  effect  would  be  redneed  to  insignifl- 
cauce,  in  virtue  of  the  singular  variation  jnst  mentioned. 


^  ADDENDUM. 

BEflOLTS  OP  PBOF.  H.  WILD,  OF  ST.  PETER8BUEG,  WITH  REFEE- 
ENCE  TO  MAQNET8  TEMPERED  AND  MAGNETIZED  BY  THE  METHOD 
PROPOSED    IN   THIS   CHAPTEB.'" 

We  are  fortunate  in  being  able  to  cite  in  this  place  some  results  con- 
firmatory of  the  efficiency  of  the  method  for  the  treatment  of  magnets 
proposed  in  this  chapter  bearing  the  authorit>'  of  Professor  Wild.  In 
his  work  on  the  absolute  value  of  Siemens'  mercury  unit,  Professor  Wild 

'**  A  flask  Hi  Lb  a  long  Deck  nil]  be  found  Hcrviceable.  Theatenm  condeDsiag  in  lbs 
latter  tudb  backioto  the  balk  of  boiling  w.tt^r.  Or  the  eaepeiided  magnet  m.iy 
simply  be  boiled.  The  prolonged  action  of  steam  igin  no  way  delete  riona  or  corromve. 
The  rode  are  etched  unirormly  Mack  and  may  thus  be  polished. 

'•Cf.  Chapter  V,  p.  141. 

"•H.  Wild :  M<moiTe« de  rAcai14inie imp^rlale dea  eciences de 8t.-P«tersb.,  VII> Ur.^ 

T.  XXXII,  No.  2,  p.  ae. 

(763) 


_.ooglc 


172  IBON-CARBUBETS.  (•ou-  u- 

Diade  ucte  of  a  large  magnet  coostructed  with  exceptional  care  by  H. 
Freiberg,  out  of  "  Eibiswalder  uaturhartem  Wolfram  -  Stab  1."  Its  dimen- 
sionii  (rectaiignlar  parallelopipeduD]  aud  weigtit  are  these :  leiigtb,  29  ceo- 
ttmetera;  bremlth,  3.6  centimetera ;  thickness,  1.2  ceDtimeters ;  weight, 
1,030  grams.  Ttiis  magnet  was  curefally  tempered  by  heating  to  low 
redness  and  sudden  cooling  in  lime-water  at  20°.  Alter  being  magnet- 
ized to  saturation  between  the  poles  of  a  powerful  electro-magDet,  it 
was  kept  at  100°  for  35  hours ;  thereupon  again  maguetized  and  exposed 
to  steam  for  10  hours  more.  The  following  are  the  observed  magnetic 
moments  {0.  G.  9.)  at  20°: 
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ODJune21,lS83,at20o,  Wild  obtained  for  the  same  qaantity,28.8x]0'. 
The  magnet,  despite  the  treatment  which  it  bad  experienced,  therefore, 
still  lost  aboat  1  per  cent  of  its  total  moment,  during  the  intervening 
three  months.  But  this  variation  is  little  more  than  0.0001  of  the  total 
intensity  per  day,  if  the  loss  were  proportional  to  time.  Referred  to 
July  1,  however,  when  the  actual  measurements  were  commenced,  the 
said  decrement  cannot  be  estimated  as  above  0.00005  per  day — parlica- 
larly  so  if  it  be  borne  in  mind  that  the  diminntion  in  question  most 
gradually  vanish  at  a  continually  defcreasing  rate  througb  inflnite  time, 
or  that  a  final  and  definite  moment  is  being  asymptotically  approached. 
Indeed,  the  said  limit  was  practically  reached  in  the  second  third  of 
July,  aa  the  following  results  show.  Wild  fiirther  remarks  that  final 
magnetization  of  28  O.G.S.  units  of  magnetism  per  gramme  is  to  be  con- 
sidered as  a  satisfactory  value.    The  results  in  question  are  as  follows : 
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Tha  Ytlns  for  Jul;  21  la  not  biclDded  In  tl)la  niNUi. 

We  venture  to  remark  that  with  so  unusually  large  a  magnet  even 
better  results  could  have  been  obtained  by  repeated  boiling  and  remag- 
netizalion.  In  consideration  of  the  dimensions,  the  decrement  of  1  per 
cent,  is  by  uo  means  surprising.  The  tubular  magnet  discussed  in  the 
above  was  operated  upon  three  successive  times  by  our  method,  before 
definite  adjustment  for  absolute  work.  Wo  are  not  aware,  however, 
whether  it  will  not  take  some  time,  in  order  that  a  magnet  kept  at  100° 
may  thoroughly  regain  the  state  of  molecular  equilibrium  for  20°. 
(764) 


CHAPTER    VII. 

A  PHYSICAL  DEnimiOK  OF  8TXEL  BA8BD  ON  THE  EI^CTBIC  BEHA- 
VIOB  or  IBOH  WITH  eKASVAXLT  IKCRBASINa  D:egbbB8  OF  CABBIT- 
BATIOM. 

INTBODUCTION. 

yature  of  tke  problem. — A  detailed  and  thoroogbly  exhaustive  study 
of  the  problem  in  hand,  riz,  in  bow  fyr  the  effect  of  carboratioQ  on  the 
galvanic  and  thertno-electrio  properties  of  iron  isavftilablefor  the  gen< 
eral  classification  of  iron-carbnrets,  calls  for  working  facilities  at  a  pad- 
dling fomace,  for  instance,  or  other  technically  satisfactory  agency  for 
the  decarbnration  or  carbnration  of  iron.  Possibly,  however,  eimilar 
work  might  be  done  on  a  small  scale  in  the  laboratory,  if  the  neces- 
sarily oomplicated  apparatus  or  opportunities  for  constmcting  the  same 
were  at  the  observer's  dispoeal.  These  advantages  were  not  within  onr 
reach. 

The  problem  is  of  a  kind,  moreover,  which  is  apt  to  mislead  the  in- 
vestigator into  iusaperable  and  almost  Joflnite  complications.  To  avoid 
these  it  is  absolnt«ly  necessary  to  condact  the  experiments  with  ref^- 
ence  to  some  thoroughly  preorgauized  plan.  In  the  absence  of  the 
above-mentioDed  metallnrgical  npparatns  we  were  obliged  to  content' 
oarselves  with  oommeroial  prodncts,  and  the  main  porpose  of  the  present 
memoir  has  theref(>re  beea  restricted  to  the  developmeot  of  a  plan  or 
scheme  of  operations  for  the  general  and  tentative  study  of  the  electrical 
behavior  of  iron-carboretA.  These  efforts  have  not  been  unsnccessfnl; 
indeed  they  appear  to  be  of  considerable  promise.  Tbey  have  already 
sSTorded  ns  a  method  for  the  physically  exact  definition  of  steel  which 
we  regard  as  important.  As  a  whole,  the  present  chapter  ftimishes  an 
essential  and  interpretative  seqnel  to  oar  researches  on  the  hardness  of 
steel. 

Electrical  mani/eatation  of  mechanical,  properties. — The  very  remark- 
able efliect  of  rapid  and  of  prolonged  cooling  from  red  heat,  respectively, 
on  the  physical  and  chemical  properties  of  iron-carbnrets  has  always 
beea  a  sobject  of  great  metallargical  interest. '*^  In  the  case  of  steel 
the  contrast  between  the  two  states  or  conditions  thus  produced  is  par- 
ticularly well  marked  and  of  the  greatest  practical  value.  Experience 
hag  shown,  however,  that  the  said  processes  may  be  applied,  with  much 
advantage,  to  most  of  the  other  iron-carbon  products.    It  is  thos  that 

'"On  KMst«D'B  theory,  raUtiTo  tothe&atnrebf  these  effects,  see  Pprc.v'sMetallDrgy, 
edited  b;  'Wedding  and  othen,  Vol.  II,  p.  167,  el  leq.,  Brannscliwelg,  1>^. 
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the  question  natorally  suggested  itself  to  us,  whether  the  remarkable 
parallelistD  discovered  io  the  variation  of  the  degree  of  h&rdBess  of 
4Bt«el  aod  >U  galvouio  and  thermoelectric  properties  was  not  to  be  con- 
sidered as  ouly  a  speeial  case  of  the  behavior  of  iron-carbarets  gener 
ally,  under  analogous  circomstaneca.  In  this  respect  we  believed  onr- 
-selves  justified  in  predicting  that  those  charaotcrlstlo  mechanical  gut- 
ties which  distlngaish  steel  from  other  iron-carburets  must  uecessarily 
be  sharply  outlined  in  a  general  electrical  diagram  adapted  to  the  classii- 
cation  of  iron-carburets  as  a  whole.  A  similar  idea,  as  we  Bnbsegaently 
found,  seems  incidentally  to  have  occurred  to  Joule,  '**  since  he  remarks, 
alter  having  given  the  necessary  experimental  data:  "  I  believe  the  ex- 
cellence of  the  latter  metal  (steel)  might  be  tested  by  ascertainiug  the 
amount  of  change  in  thermo-electric  condition  which  can  be  produced 
by  the  process  of  hardening."  Bat  neither  Joule  nor  others  have  given 
the  subject  more  than  this  inadequate  consideration,  and  it  was  not 
,  until  onr  investigations  on  steel  had  been  fblly  developed  that  the  prob- 
lem attracted  our  attention. 

Critical  operations. — At  first  sight  a  comparison  of  the  electrical  lo- 
terrala  comprehended  between  the  hard  tempered,  and  soft  annealed 
-states,  appeared  to  be  rich  in  promise;  but  the  processes  of  slow  and  of 
most  rapid  cooling  possible,  from  red  beat,  are  as  yet  not  snfficieutly  de- 
fined, even  if  we  abstract  from  decarburation,  etc.,  for  obtaining  iron 
earbnrets  in  two  charact«ri8tic  physical  states.  In  the  case  of  slow 
cooljng  the  temperature  in  red  heat  to  which  the  specimen  has  been 
-exposed,  as  well  as  the  time  during  which  exposure  takes  place  are 
important  items,  particularly  when  the  cast-irons  are  under  examina- 
tion. In  the  case  of  rapid  cooling  the  temperature  to  which  the  red- 
liot  rod  is  suddenly  and  permanently  lowered  is  additionally  to  be  con- 
sidered. It  wonld  not,  however,  be  difficult  to  define  the  two  processes 
in  qnestion  succinctly.  A  rod,  for  iustauce,  suddeuly  chilled  from  red 
heat  in  water  at  ordinary  temperature  and  then  annealed  by  long  expos- 
ure in  ether  vapor  at  35°  might  appropriately  be  termed  glass-hard ;  if 
annealed  in  vapor  of  sulphur  (500°)  or  of  cadmium  (700°),  soft.  E^ir  the 
very  large  and  physically  important  class  of  iron -carburets,  wrongbt- 
iron,  low- carbureted  steel,  and  steel,  these  details,  fortunately,  do  not 
produce  any  serious  distortions ;  the  thermo-electric- hardness  and  tbe 
specific  resistance  of  steel,  no  matter  what  the  process  may  have  been 
by  which  a  given  rod  wits  softened,  remain  very  nearly  constant  in 
value — at  least  when  compared  with  the  enormous  range  of  variation  of 
these  qualities  due  to  tempering..  The  same  is  true  for  the  hard  con- 
dition of  the  carburets  between  iron  and  steel,  where  it  is  only  neces- 
sary to  choose  the  temperature  before  sudden  cooling  sufficiently  high 
.to  insure  the  appearance  of  hardness,  and  to  chill  in  water  at  ordinary 

"•Joule:  Phil.  Tnui8.  ltS9, 1,  p.  96. 
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riMxa-temperatore.  UecarbnratioD  ifi,  hoirevcr,  aoder  all  circamBtaiices 
to  be  avoided,*^  and  tbe  expoaores  to  bigh  teoiperatDre  maat  iif>t  be 
prolonged.  It  follows  therefore  tbat  it  will  be  expedient  to  commenoe 
the  present  inveetigation  by  a  consideration  of  tbe  electrical  properties 
of  the  carbarets  in  qneatioD,  that  is  snch  iu  whiob  tbe  total  carbon  is 
le«a  than  ^loat  2  per  cent.  To  this  may  be  aided  that  within  tbe  in- 
terval (0 — 2  per  cent.)  those  modifications  in  the  mode  of  occurrence  of 
the  carbon  in  iron,  which  are  the  canse  of  such  great  dirersity  in  the  char- 
acter of  the  diffisrent  species  of  cast  iron,  are  as  yet  comparatively  without 
marked  ioflneoce.  Thus  it  appears  that  our  resnlts  for  this  set  of  pro- 
dacts  m^  be  considered  as  satisfactory'  and  definite.  In  order  to  com- 
plete the  diaonssion  conveniently,  however,  it  is  desirable  to  inclnde 
certaiD  essential  properties  of  the  castrirons,  or  in  other  words  to  pro- 
long the  loci  of  onr  diagrams  into  tbe  region  of  cast-iron,  witbont  going 
tuto  any  detwls.    That  this  is  readily  possible  will  appear  in  the  sequel. 

A  farther  introdnetory  remark  may  be  added  here.  Commercial  iron- 
carburets  are  never  pnre,  bnt  contain  in  greater  or  smaller  amonnts 
vitiating  impurities  like  phosphorus,  sulphur,  silicon,  and  the  like. 
Each  of  these  produces  its  own  electrical  effect,  as  has  been  seen  in  the 
earlier  chapter  (III)  on  alloys.  Tbe  discrepancy  thus  introduced  need 
not  by  any  means  be  negligible,  and  full  consideration  is  given  to  it  iu 
a  later  paragraph-  For  the  present  it  will  be  expedient  to  suppose 
this  secondary  electrical  effect  to  be  absent,  or  that  the  material  in 
hnnd  is  a  pure  iron-carbon  prodact. 

Sbmendature. — As  a  convenient  oomenclature  to  be  used  throughout, 
we  will  ilesignate  tbe  process  of  tofleninff  steel,  tbat  is  cooling  trom 
red  heat  as  slowly  as  necessary  by  tbe  Roman  numeral  '*  J";  the  pro- 
cess of  sudden  cooling  from  the  same  temperature  [kardming,  tempering, 
glass-hard)  by  the  Boman  numeral  "  JJ."  In  like  manner  all  constants 
wbich  refer  to  J  or  II,  are  to  be  marked  with  the  subscript  1  or  2,  re- 
spectively. For  instance,  A],  S]  . . .  At,  Sj.  , .  In  like  manner  we  may, 
wiUioot  confusion,  consider  "  soft  state"  and  "glass-hard  state,"  "state 
/"  and  "state  11,"  respectively  identical,  etc. 

■"InttaiaplAoeit  U  welltocall  to  niindan  important  result  of  ForqniRiioD'8(ADD.  de 
-ChJDi  et  de  Pbja.  (5)  XXIII,  p.  ^td,  lesi).  He  found  tbat  Me»\  kppt  at  red  heat  for 
•cTetit  j-two  boars,  in  fto  envelope  of  hematite,  Imt  ucarly  one-half  of  its  total  osrboD. 
This  corrcapood*  to  tbe  loaa  of  nearly  fonr-fifihs  of  total  cdtI>od,  dne  to  continued  ex- 
punanjOfcaBt  Iron  to  red  beat  io  tlie  preparation  of  malleable  ca«t  iron  (Percy  op.  cit., 
p.  143.)  In  mouy  pbyticol  ezperimente  nith  steel,  partlcnlarij- Is  magnetic  nork,  itls 
•oftcD  Dec«sBBT7  to  softcu  steel  by  beating  it  to  redness  for  nome  time.  It  is  thpreforo 
obviooa  thattheprodnct  tbnaobtaiaeduanunt  beconsideiedideDtical,  as  reKards  total 
carbaration,  with  tbe  origtoal  carburet.  Possibly  Ibis  method  of  eliminatiug  cotbon 
may  be  available  foe  obtaining  points  in  an  electric  diagram  corrMpooding  to  iron- 
«arbafets  lying  between  iron  and  steel. 
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UleetriixU  data. — Pare  iron  sabjected  to  the  process  IliB  mechanically 
iDdiHtioguishable  &om  tlie  same  metal  wbeo  subjected  to  J.  So  also 
the  electrical  difTereoce  between  these  two  states  is  practically  iDsig- 
Qiflcaot.  This  is  true  approximately  for  commercial  iron  with  less  thao 
0.2  per  cent,  of  carbon,  and  the  more  nearly  true,  mcn«over,  the  smaller 
the  amount  of  this  element. 

For  the  electrical  condnctrvityofiron  Oh wolson'"  gives  the  following 
results :  If  a  hard-drawn  wire  is  ignited  at  low  redness  its  electrical  re- 
sistance is  found  to  vary  about  —0.4  per  cent.  If  the  ignition  be  intense 
about  +5.3  percent.  The  process  JI  prodnces  a  variation  of  only  0,7  per 
eent-  in  comparisoc  with  the  hard-drawn  state.  If,  therefore,  we  eom- 
pare  the  rod  in  the  state  II  with  the  same  rod  in  the  state  J,  we  find  a. 
total  electrical  change  about  +1.1  per  cent,  or  —4.6  per  cent.,  respect- 
ively, according  as  I  was  produced  by  gentle  or  by  intense  ignition. 

For  results  of  this  kind,  with  reference  to  the  thermo-electric  beha- 
vior of  iron,  we  searched  in  vain.  But  the  relation  between  the  variatioos 
of  thermo-electric  and  galvanic  constants  is  initial^  (i  «.  for  very  small 
amounts  of  a  foreign  element  alloyed  to  any  given  metal)  linear,  as  we 
proved  both  iu  the  case  of  steel  and  of  alloys  of  silver.  Hence  results 
of  the  same  order  as  Ghwolson's  may  be  at  once  predicted  for  the  thermo- 
electric behavior  of  commercial  iron.  Sir  William  Thomson"'  fonnd  that 
the  thermo-electric  bardness'"  of  iron,  like  that  of  steel,  is  increased  by 
the  process  II.  Jonle'"  finally  remarks,  "I  find  that  in  steel  the  (ther- 
mo-electric) change  ij  in  the  same  direction  asiniron,butofenonnonaly 
greater  magnitude."' 

These  small  variations  amounting  to  less  than  2  per  cent,  of  the  total 
resistance  or  thermo-electric  hardness,  are  for  the  present  purposes  at 
least,  quite  negligible;  particularly  so  when  contrasted  with  the  corre- 
sponding cbauge  of  tbe  electrical  constants  of  steel  {200-300  per  cent.]. 
Where  great  accuracy  is  sought  for,  special  measurements  may  h» 
made.  For  this  reason  we  accept  for  wrought  iron  the  values  for  the 
electrical  constants  giten  in  the  following  table  (76).  Here  thermo- 
electric hardness  is  represented  by  A,  specific  resistance  by  a ;  Ai  refers 
to  iron  subjected  to  process  /;  ht  to  the  same  wire  subjected  to  process 
JT,  etc.,  as  has  been  stated.    Furthermore  JA=ft,_A,;  J«=«,— a,;  Atop 

'"ChwolsoD :  Balet.  de  8t,  PetuMb.,  S,  p.  379, 18?7;  also  Cdrl's  Rep.,  SIV,  p.  86, 1878. 
iHTboDiMn:  Pbil.  TraDs.,  1S56,  III,  p.  723. 

"'Od  the  definitioD  of  Ibermo-electrio  hardnesa,  Me  onr  paper  in  Wied.  Ann.,  XI,  p. 
97O,18H0,  or  ttiis  memoir,  Chapter  II,  p.  65. 
"•Jonto:  Phil.Trana.,  1859,  1,  p.  95-87. 
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M=log  kt—tog  hi;  Jlogtsilog  h—^  *i-  The  object  of  thesti  dlffereitces 
Trill  appear  below.  For  h  and  «  the  valuea  obtained  elsewhere'^  are 
giveo.  UJcrovolte,  microhmB,  and  square  ceutimetere  are  the  ftmda- 
ment&l  units :  log  refers  to  Brigg's  logaritfaou. 

Tablx  le.—EUoirioat  ooiufoat*  t/ mvMght4ron. 


ThumOHdeiil 

Mtbtriamm. 

Ak 

A« 

Ak,» 

" 

IbtorW. 

h 

h. 

«^ 

-^ 

Alog. 

irnocUtrai 

47 

i.1 

U.) 

Xitntm. 
U.3 

Z«. 

Zm. 

Zwk 

Znc 

MeetriotU  data. — If  we  suppose  the  degree  of  carboration  of  iron  to 
increase  continuously  &om  zero  to  about.  1.5  per  cent.,  the  difference 
in  mechanical  hardness  between  states  I  and  II  will  likewise  increase 
coatinnoosly  until  steel  is  reached.  For  the  purpose  of  defining  the 
relatively  enormous  interval  peculiar  to  the  latter  snbstance  techni- 
ct^y,  metaliargists  are  in  the  habit  of  osiDg  some  empirical  criterion — for 
instance,  the  power  to  give  sparks  witii  flint,""  It  is,  moreover,  of  the 
greatest  praotioal  importance  that  this  phenomenal  change  of  mechan- 
ical condition  is  oooflned  to  state  II,  and  that  aiate  I,  as  regards  hard* 
ness  at  least,  is  not  readily  distinguishable  from  wrought  iron, 

A  large  number  of  results  on  the  electrical  behavior  of  steel  were 
discnased  above.  It  will  therefore  only  be  necessary,  in  this  place,  to 
recall  to  mind  the  electrical  interval  JT-J  for  this  substance  in  a  table 
constructed  on  the  plan  of  the  preceding,  and  therefore  needing  little 
fhrther  elucidation.  For  state  II  the  largest  values^  occur  in  case  of 
rodyo.2S. 

)i=17.7  and  «=41.6 

But  later  experiments'"  foraished  considerably  harder  wires,  the  resoltB 

**<  Chapter  11,  p.  61.  The  mean  valnea  for  ths  three  iron  trlRa  there  examined  na 
here  given. 

"•Cf.  Earaten:  EuBtea's  nud  v.  Deolien'B  ArclUv,  XXT,  p.  3St3  et  Mq.,  18G3;  ftlw 
Jmhb,  "  Stecil,  tta  luMtory,"  etc.,  Loudon,  Spon,  ISBO,  pp.  &33-64S. 

''•Cf,  Chapter  IL 

■"See  oar  paper,  Wled.  Aim.,  XX,  p.  640, 1883. 
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for  which  are  DOt  giveit  in  the  digest  Id  qaestlon.    The  hardest  of  these 
showed  8=17.5.    If  we  pat  h=n»,  there  follows, 

A=19.6  and  «=47.5 
The  nuDimal  values  for  state  II  are  those  of  rod  No.  39: 

k=15.1  aod  8=34.9 
The  largest  values  for  stAte  J  are  given  by  No.  46: 

A=6.9  and  s=16.0 
and  the  sm^lest  by  No.  47: 

A=5.0  and  «=  14.0 
The  following  table  (77)  contains  both  extreme  and  mean  valaea  for  the 
different  constants,  the  largest  being  pat  on  the  horizontal  row  2,  the 
Btnidleet  on  the  row  s,  the  mean  on  the  row  m.    All  of  these  are  obtained 
from  a  combination  of  the  data  just  cited. 

Table  77.— BUolrioal  contUmtt  of  XmI. 
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From  the  remarks  made  in  tlie  above  it  follows  obviously  that  ttie 
magnitude  of  the  interval  JJ-J'will  depend  very  essentially  on  the  de- 
gree of  carbaration  of  the  Bt»el  tested.  We  experimented  with  silver 
8t«el"*  of  excellent  quality.  Bat  commercial  vfuieUes  of  steel  may  be 
readily  foond  in  which  the  said  interval  iX-Xis  even  less  than  one-half 
that  {^ven  in  the  table. 


CA8T-IB0N. 

Thermo-eleotric  data — In  bis  experiments  on  cast-iron  Jonle"*  foond 
that  the  difference  of  thermo-electric  iKisition  between  state  I  and  state 
17  is  about  ^^  of  the  thermo-electric  interval  bismuth-antimony.  In 
case  of  steel  be  foond  the  change  of  thermo-electric  position  II-I  to  be 
in  the  same  sense  as  in  cast-iron  and  as  large  as  i^^  of  the  said  interval. 
Furthermore,  "  that  the  metal  (cast-iron)  is  brought  nearer  bismuQi  (i. 
«.,  thermo-eleotric  hardness  is  Increased)  as  the  quantity  of  carbon  in 
oombioatjon  is  increased,'*  and  in  moch  larger  ratio  than  would  be  com- 
mensurate witli  the  additional  amounts  of  carbon. 

"•For  nlvei  steel  Bee  Percy,  op.  dt,  pp.  331-340;  ^M  Fuaday  and  Btoddacd,  Q)ur. 
Jour.  8ol«Doe,  1820,  p.  325. 

iHJonla:  L  o.,  p.  06. 
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As  aooarate  a  kuowledge  as  possible  of  the  electriosl  qualities  of  cast- 
iron  is  a  nistt«r  of  sach  importance  as  to  call  for  a  special  examinatioii 
of  a  variety  of  products.  Tbese  were  made  with  as  mnch  material  as 
we  fonnd  available.  The  resalts  for  thermo^ectric  power  are  giveo  in 
the  following  tables  (78-79),  where  e  denotes  the  electromotive  force  re- 
ferred  to  silver  in  microvolts,  observed  or  calculated  as  specified,  corre- 
sponding to  the  temperature  Tand  f  of  the  junctions.  On  the  basis  of 
the  formula  of  Avenarias,  e=a  (T—t)+b  {T'—^),  the  constants  a  aud  b 
were  calculated,  usually  from  five  sets  of  observations,  by  an  applica- 
tion of  the  method  of  least  squares.  In  how  Cor  the  measurements  are 
satisfactory  may  be  seen  by  coosniting  the  colanm  of  differences  (Dift) 
between  e  observed  and  e  calculated,  Boda  "So.  1,  2,  3  were  of  German 
cast  iron;  'So.  1  soft  and  of  excellent  quality;  "Soa.  2  and  3,  though 
also  of  good  iron,  so  hard'""  as  not  to  yield  readily  to  a  file.  Whit©  cast- 
iron  cannot  be  put  in  the  form  necessary  for  measorements  like  the 
piraent  without  encountering  very  great  mechanical  difficulties.  But 
its  proi>erties  are  well  represented  by  rods  Nos.  2, 3,  which  were  specially 
cast  thin.  Bods  !No.  1  ...  12  are  of  good  American  cast-iron,  so  soft 
as  to  be  easily  touched  with  a  file.  They  were  planed  doa  n  to  approx- 
imately square  and  uniform  sections  for  as  by  Mr.  William  Grnnow,  of 
'Sew  York.  All  the  rods  were  examined  in  three  states :  the  original 
OT  commercial  condition  in  which  they  reached  our  hands;  after  sudden 
cooling  fi«m  red  beat  {21) ;  after  annealing  soft  at  red  heat  (I).*" 
We  considered  chemical  analyses  superfluous  for  the  reasons  given  near 
the  beginning  of  this  paper.  A  few  isolated  results  of  this  kind  are 
valueless. 

Tabix  7B.—nemo-tleeMc  powtr  o/  catt-tnm.    Qtrmtm  «aleri«L 
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Tabu  n.—Th»rmo-tltetrie  foietr  of  oMt-iroH.    ^mHam  «Mtf«rl«I— CooUniMd. 
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Tablets. — l\emio-eleolriap<nD«rofoa*tiron.     AmiaHoait  malertal — CoDtaoned. 
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Beauttmoe. — We  give  in  the  following  table  (80)  the  results  for  the 
electrical  resistance  of  cEist-iron.  The  rods  are  respectively  identical  to 
those  for  which  the  Tables  78  and  79  apply.  Under  W  are  contained 
the  resistances  per  meter  of  length  at  the  teinperatnre  t,  in  ohms;  nnder 
q  the  two  sides  of  the  rectangular  section  of  the  rods,  in  centimeters; 
a,  ofid  g  are  the  specific  resistances  at  f"  and  0°,  the  redactioQ  having 
been  effected  by  aid  of  the  constant  a,  determined  elsewhere."*  The 
rods  are  tested  in  the  three  states :  original  or  commercial ;  after  sud- 
den cooling  fh>m  red  heat  {II) ;  after  annealing  at  red  heat  (2). 

'*  Cf.  Chapter  I,  p.  2S, 
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Tablk  80.—Eltotrioal  rt$Ul^noe  ofoatt-irom. 

QERUAtr  ZBOS. 


Bod. 

CgndUlon. 

""!' 

. 

•s- 

■    1  o*" 

«!oitss 

1637 
lOTO 

aoTa 

«7« 

lie 

0.771-0.771 
O.7S8    0.7M 
0.300-0.900 

0.  SCO  -  0.  goo 

0. 307-0.  ar? 

O.SOJ-0.307 
0.1070.SOT 

70.4 
00.8 

SI 

0.0013 
U 

0.0018 

0(L( 

'1 

Thoroue1ilj»ii>«J*d  (I) 

6B.1 

SsSSia, :::::: 

AMXSICAN  tKOH. 


Otijdiial  alM* 

BndileDly  eooled  (D) 

TboroDchly  aDD«aled  (I) .. 

OriitulaUte 

SnddBDlT  rooli^  (TI) 

Thanraghlj  unwled  (1)  „ 

j  Orizliiml  auta 

'  I  Soddenlv  cooled  fll) 

Tbonnighly  osuuled  (0 .. 


;  OiifSiwtMMa.. 
;  Badduil;  caoM 

[■  Thorough^  uin 

'  Orialiut  (UM . . 
' ,  SnddeDly  cooled 
:l  Tboivaghl;  uiu 


;    Oriotital  Male  - 

i  Snddenl;  oooled  (II) 

[ '  ThoroDghl;  uiDiialBd  (1)  . . 


ii  Orlctnil  ab 
I  SoddeolT  o 
TbDraugU] 


[    TtxHoaghly  aoDHled  (I) .. 


Digatt.-^lo  the  following  table  the  important  resnits  in  Tables  78, 79 
and  SO,  above,  are  syBtematically  arranged  for  convenience  in  reference. 
It  will  be  at  once  intelligible.  We  need  only  remark  that  in  case  of 
fio.  1  the  measnrement  of  a  was  do  longer  possible  for  the  soft  annealed 
(i)  condition,  the  rod  having  been  accidentally  broken.  For  this  reason 
the  valtte  of  a  for  the  original  state  iB  taken  for  O]  in  the  formation  of 
da,  and  Ah,  This,  however,  is  qnite  permissible  since  the  rod  was  origin- 
nally  soft.  It  may  be  added  tbiit  in  the  tables  the  logarithms  are 
primarily  dednced,  the  antilogarithms  ftotn  these.  This  table  famishes 
ns  with  mean  valnea  fcr  caat-iron.  They  are  given  in  the  final  horizon- 
tal row. 


(775) 


mzec^vGoOglc 


IB0N-CABBCBET8. 

Table  BL—SUetHeal  emufosi*  of  oMt-frtn. 


DISCUSSION. 

Plane  diagram. — The  experimeDtAl  material  in  buid  ia  safficieot  for 
the  diBoamment  bf  tb.6  mtaa  and  characteristic  features  of  the  relation 
vhich  exiats  between  the  mechanical  and  chemical  properties  of  iron- 
oarbnretB,  and  their  electrical  behavior.  We  will  arrive  at  oor  end 
soonest  by.  proceeding  graphically,  using  as  the  basis  for  onr  construc- 
tion the  general  mean  values'  given  in  Tables  76-77  and  at  the  end  of 
Table  81.  As  regards  the  interpretation  of  these  data  we  derive  very 
valuable  clews  from  onr  earlier  researches  on  the  electrical  properries 
of  alloys.  If  to  a  given  metal  small  amoants  of  a  second  metal  be 
alloyed,  the  electrical  constants  are  found  to  vary  in  a  uniformly  con- 
tinnous  way.  Now,  the  total  carbon  in  st«el  amounts  to  only  1-2  per 
cent;  in  cast  iron  to  less  than  6  per  cent.  We  may  therefore  predict  a 
mode  of  variation  of  specific  resistances  and  thermo-electric  power  wbioli 
shall  be  analogous  to  that  observed  for  alloys.  In  other  words,  a  nni- 
fbrmly  continuous  change  in  the  electilcal  qualities  of  iron-carburets 
with  the  amoont  of  carbon  contained  may  Jostiflably  be  assumed.  With 
the  ultimate  object  in  view  of  developing  our  diagram,  let  the  percent- 
age of  total  carbon,  therefore,  be  represented  aa  abscissa,  the  electrical 
constante  h  and  s  as  ordinate.  Carbon,  however,  occnre  differently  in 
iroo-carbnrets  when  in  the  condition  J  than  when  in  the  other  extreme 
condition,  II,  It  is  therefore  necessary  sharply  to  distinguish  between 
the  constants  Ai  and  Si  belonging  to  the  first  or  thoroughly  annealed 
state,  and  the  constante  As  and  s-,  for  the  hard  state.  Onr  date  therefore 
finish  points  belonging  to  two  essentially  different  loci.  Unforto- 
nately  for  each  of  these,  only  three  sncb  points  are  in  hand:  the  first 
(776) 
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coirespondiag  to  wionght-iron  and  tbe  abscissa,  x=0;  the  second  to 
steel  where,  approximately,  x=l^;  tbe  third  to  casb-iiOD,  where  we 
may  roughly  pnt  2=5.0.    The  mean  values  of  ordinate  belonging  to 
these  abscissse  may  be  taken  &om  the  following  little  table: 
Tasls  SZ. — Metm  tleetriettl  anutantt  o/iron-oiirhirat*. 
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With  these  data  and  the  qoalitative  reaalts  just  referred  to,  oor  at- 
tention wUl  be  first  directed  to  the  hard  state,  II,  of  iron-oarbarets. 
Between  z^O  (iron),  and  ^=1.6  (steel),  iron-carburets  vary  in  marked 
degree  aa  regards  hardness,  a  circnmstance  observable  both  in  the  me- 
chanical and  electrical  properties  (Ai,  t,)  of  these  prodncts.  Beyond  this, 
approaching  castiron,  the  variations  are  slight.  The  carve  rises  rapidly 
at  first,  finally  at  a  gradaally  decreasing  rate,  and  is  Therefore  as  a  whole 
eoDcave  towards  tbe  axis  of  abscissse. 
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A  result  almost  the  inverse  of  this  is  enconntered  in  the  case  of  the 
"soft"  state  I.  Here  the  initial  variations  are  insignificant,  soft  iron 
and  soft  steel  difTering  slightly,  not  only  in  their  mechanical  states  of 
hardness,  but  also  in  the  electrical  manifestation  (fti,  S])  of  this  quality. 
It  is  not  until  we  pass  beyond  ar=1.5  and  enter  the  region  of  the  cast- 
inms  that  the  present  curve  I  rises  at  a  relatively  rapid  or  accelerated 
rate.  The  curves,  I,  are  therefore  on  the  whole  convex  as  regards  the 
axis  of  abscissfB. 

From  these  points  of  view  the  curves  in  the  above  diagram  Ai,  ^ 
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and  ki,  «i  bare  been  diavo.  It  may  be  plainly  argaed,  moreover,  that 
their  general  character  does  not  change  during  tJie  progress  ftom  x=0 
to  ir=5;  in  other  words,  we  accept  concavity  and  oonvezity  respeot- 
ively  tbronghoat  the  given  extent  of  the  corves,  to  the  ezclasion  ot 
points  of  circQmflexion.  With  this  probable  infOTence  postulated,  we 
observe  that  the  two  sets  of  carves  h,, ««  and  Ai,  «i  most  intersect  in  the 
region  of  cast-iron,  that  is,  near  x=5. 

Oorioasly  enough  we  found  in  certain  data  of  Joule™  the  evidence  for 
SQch  intersection.  If  we  reduce  Joule's  figures  to  oar  scale  of  thermo- 
electric bardoess,  his  results  for  white  cast-iron  and  gray  cast-iron  are 
approximately  these : 

Fhst  extreme :  cast-iron,  black  fracture  (with  much  graphite),  &=25. 

Second  extreme:  cast-iron,  white  fracture  (very  hard),  A=12.  AU 
other  samples  of  cast-iron  which  he  examined  lay  between  these  limits. 
The  large  valnes  for  A  and  «  obtained^*'  for  malleable  cast-iron  (known 
to  be  graphitic^^)  ore  also  In  accordance  with  Joule's  results.  The  first 
mentioned  of  the  cast-irons  above  (A=26)  is  therefore  to  be  referred  to 
condition  I  (soft,  carbon  nncombined),  the  second  (A=:12,  carbon  com- 
bined, hard)  to  condition  II,  which  gives  evidence  iu  favor  of  the  inter* 
section  of  the  respective  curves. 

Superimposed  electrical  effects. — To  this  inversion  of  the  electrical 
properties  of  iron-carbnrets  as  the  quantity  of  total  carbon  is  increased 
we  have  already  adverted,'"  and  it  is  therefore  essential  to  any  discas- 
sion  of  the  phenomena  before  as  to  take  cognizance  of  the  mechanical 
as  well  as  the  chemical  causes  of  the  some.  These  are  three  in  number : 
(1)  Effect  of  nncombined  carbon;  (2)  effect  of  combined  carbon;  (3) 
effect  of  the  peculiar  strain  accompanying  temper. 

In  the  curves  Ai  and  Si  the  first  of  these  &ctors  is  primarily  active, 
the  second  of  small  importance,  the  third  inactive.  The  material  is  ap- 
proximately homogeneous.  In  the  curves  Ajand  Si,  however,  all  fetors 
produce  their  own  specific  results,  though  the  influence  of  the  first  is 
relatively  small.  Here,  therefore,  we  are  confronted  by  a  complex 
superposition  of  effects;  such  however,  that  between  wrought-iron  and 
steel  the  mechanical  cause  (3)  is  almost  solely  efficient;  between  steel 
and  cast-iron  the  chemical  causes  (1,  2)  predominate. 

Character  of  Jk. — As  the  result  of  the  opposed  character  of  the  cnrva- 
tares  of  the  loci  I-  (soft  state]  and  II  (bard  state),  the  first  being  con- 
vex, the  second  concave,  as  regards  the  axis  of  abscissse,  we  are  able  to 
draw  an  inference  of  fundamental  importance.  For  if  we  put  JA=At —  Ai 
and  d»=»t—Si,  then  it  follows  obviously  that  the  new  vuiables  JA  and 
Ja,  regarded  as  functions  of  x,  must  each  pass  through  a  moximtiiQ. 
This  remarkable  result  may  be  formulated  thus : 

The  diagram  which  expresses  the  electrical  behavior  of  commensal 

'"JoqIb:  1.  c.  <** ForquigDon :  L  c. 

'"  Chapter  UI,  p.  103.  '«  Chapter  HI,  p.  103. 
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iroD  carboretB  distioctly  indicates  the  existence  of  a  siagalar  prodoct, 
possessiiiK  the  nniqae  capability  of  occarrence  in  the  greatest  namber 
possible  of  mechanical  atatps — a  member,  in  other  words,  for  which  the 
difference  of  thermo-electric  hardness  between  condition  JJ  and  condi- 
tion /ia  a  maximum.  This  is  a  necessary  bat  not  n  anfflcient  condition 
for  the  definition  of  that  vulnable  prodnct  to  which  the  term  "steel"  Is 
applicable.  For,  irrMpecti.ve  of  the  fact  that  ^A=max.  and  J<=max. 
need  not  necessarily  select  the  same  prodnct,  a  definition  based  solely 
on  the  absolote  ralae  of  the  interval  of  variation  does  not  necessarily 
ezclode  the  occnnence  of  any  marked  change  of  hardness  as  regards 
the  soft  state.  Yet  this  is  essential.  The  mere  fact,  in  other  words, 
that  for  the  nniqne  iron-carboret  in  qnestion  the  state  II  is  ftartbeet  re- 
moved with  reference  to  hardness  ftom  the  state  /,  miicht  even  be  trne 
of  a  prodnct  brittle  in  the  latter  (soft)  state. 

Character  of  ^  log  k. — To  meet  this  objectionable  featnre  of  the  above 
deftnition,  therefore,  it  is  expedient  to  give  preference  not  to  the  abso- 
lote variations  of  &  and  t,  bat  to  the  relative  variations  ftj ;  Ag,  «} :  ti,  at 
pairs  of  values  of  k  and  s.  For  this  i-eason  the  togarithmio  interval  is 
considered.  If  J&=logAi— logAt  and  ^islog**— lofriti,  then  we  have 
far  the  definition  of  steel  JlogA3=max.,  or  J  Io2<=max.  Between 
tfae«e  we  have  yet  to  decide.  In  the  first  place  it  is  to  be  noted  that 
the  equations  JA=max.  and  Jisniax.,  determine  z=2  andirsS,  re- 
spectively, and  so  for  as  can  as  yet  be  foreseen;  whereas  <^I<^gA=max. 
and  ^logs=max.,  apply  for  2=1.5  and  x=2.0,  respectively.  In  the 
latter  case,  therefore,  not  only  are  the  two  carbarets  defined  chemically 
mach  more  nearly  coincident,  bnt  their  mean  position  in  the  diagram  is 
snch  as  to  select  &om  all  the  iron-carburets  the  one  which  may  stand  as  a 
type  for  the  products  commercially  termed  steel.  And  we  may  add  here 
that,  in  so  &r  as  the  variation  of  a  function  like  the  one  in  hand  in  the 
oeighborbood  of  a  mazimnm  is  usually  small,  a  group  of  iron  carbu- 
rets disposed  on  either  side  of  the  said  maximum  will  iKiesees  prop- 
erties safficiently  alike  to  enable  us  to  consider  them  as  practically  and 
commercially  identical  with  the  accurately  defined  type.  Now  it  is 
very  probable,  if  material  of  snlhcient  purity  could  be  obtained,  that 
both  the  equations  JlogA=max.  and  .d  tog  8=max.  will  be  found  satis- 
fiable  by  the  same  x,  and  this  trova  the  fact  that  as  far  as  steel,  at  least, 
the  relation  between  thermo-electric  hardness  snd  specific  resistance  is 
linear.  But  after  subjecting  any  iron-carburet  to  the  process  of  sudden 
oooliDg,  the  external  layers  will  asnally  have  been  transferred  into  the 
state  II  more  thoroughly  than  the  core,  particularly  in  case  of  thick 
rods  and  highly  carburized  iron.  Bat  it  is  from  the  external  layers  that 
^  log  k  is  practically  determinable,  irrespective  of  the  figure  and  dimen- 
sions of  the  carburet  operated  upon.  ^  log  i  is  not  readily  determinable 
except  for  the  mean  condition  of  a  carburet  of  definite  figure. 
(779) 
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Definition  of  $teel. — Preferenoe  is,  therefora,  to  be  given  to  the  former 
of  the  two  critical  eqaations  and  J  log  h  =  mazlmam  to  be  aibcepted  as 
the  physioal  definition  of  steel.    This  equation  is  to  be  interpTeted  thus : 

Let  each  member  of  the  whole  series  of  non-carborets  be  sabjeoted 
niocessivelf  to  the  folio ving  two  operations: 

1.  A  process  of  very  slow  cooliDg  &om  a  given  temperature  in  red 
heat. 

2.  A  process  of  most  rapid  cooling  possible  firom  the  same  tempera- 
tare. 

If  now  the  carborete  be  examined  with  reference  to  the  hardness  pro- 
dnoed  in  the  two  instances,  there  will  be  found  among  them  a  certain 
unique  member  whose  properties  are  such  that  while  process  J  has  more 
nearly  identLQed  it  with  pare  soft  iron;  process  II  will  have  moved  it 
&Tther  away  fcom  this  initial  carboref "  than  is  simoltaneonsly  the  case 
with  any  other  iron-carbon  product ;  or  which,  in  other  words,  is  capable 
of  oooniiing  in  the  greatest  nnmber  of  states  of  hardness  relatimt  to  tka 
toft  state  possible.  To  this  nniqae  prodnct  the  term  "steel"  is  to  be 
applied. 

In  BO  far,  however,  as  the  softest  steel,  for  the  very  reason  of  its  being 
essentially  an  iron-carbnret,  can  never  reach  pore  iron,  it  is  obvioos 
that  there  mast  remain  a  difference  between  the  mechanical  proiwrties 
(Toong'^  modnlns,  simple  rigidity,  tenacity,  etc.)  in  general  of  soft  iron 
and  soft  steel,  on  accoant  of  which  preference  will  be  given  to  one  ma- 
terial or  the  other,  as  the  needs  of  the  engineer  snggest.  To  this  cat- 
buret  (^  log  h  =  max.),  finally,  the  maximnm  capacity  for  tiie  retention 
of  a  strain  of  any  .given  kind  which  may  be  imparted  to  it,  seems  also 
to  belong.  The  strain  accompanying  magnetism,  and  the  strain  pecn- 
liar  to  hardness,  of  each  of  which  steel  retains  a  pfaeoomenal  amount, 
may  be  cited  as  examples. 


COHHERCTAL    OR   IMPtJRB   ISON-CABUURETB. 

Series  of  iron-carburets. — Thus  far  no  att^ntaon  has  been  paid  to  the 
unavoidable  imparities  like  solphar,  silicon,  phosphoras,  manganese, 
etc.,  which  in  addition  to  carbon  are  always  present  in  commercial  iron- 
carbon  products.  Bat  it  is  easy  to  extend  the  considerations  jnst  made 
in  such  a  way  as  will  make  them  applicable  to  iron-carbarets,  pare  and 
impure,  generally.  Let  any  iron-carburet  be  given.  To  this  belong  a 
whole  series  of  iron-carburets  so  constituted  that,  while  in  other  respects 
the  composition  is  identical  throughout,  carbon  alone  passes  through 
the  interval  from  zero  to  aboat  six  per  cent-'"    To  each  such  series  (see 

'"That  is,  soft  iron  for  which  x=0, 

'"Of  cODine,  the  iDCTemeDt  in  C  in  this  caw  presnpposeB  a  decrement  to  total  A,  m 
that  there  may  be  no  Tariatioo  in  the  pementase  presence  of  the  impnritteB. 
(780) 
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below,  p.  191)  a  deflaite  and  characteiiatic  pair  of  ourres,'  h,  and  Aj,  will 
coirespond,  and  that  particnlar  impare  iron-carbniet  which  is  selected 
by  the  equation 

J  log  k  =  maximnm 

Is  the  steel  for  the  given  claes  of  impure  iroa-carboa  products.  These 
relations  may  be  tersely  exhibited  as  follows.    Let 

zi=fi{a,b,c X) 

where  zi  denotes  the  thermo-electrio  hardness  of  a  given  sample  of 
impure  iron-carburet,  a,  6,  c  ....  ,  are  parameters  expressing  the  re- 
speetive  amounts  of  the  imparities  present  in  per  cents,  by  weight  of 
the  whole,  x  (independent  variable)  representing  the  total  carbon  pres- 
ent^ also  in  per  cents,  of  the  whole. 
Let 

«•-/.(«,  6, «,  ...  a.) 
foe  Interpreted  in  like  manner.  TSow  suppose  the  Amotions  Ki  and  z,  to 
belong  simultaneoQsly  to  the  same  product,  or  in  other  wordfi,  to  f^ply 
when  the  said  given  prodnct  is  in  the  state  I  and  the  state  II,  respect- 
ively."* Then  will  these  equations,  if  z  be  allowed  to  increase  oontan- 
noosly  from  zero  to  about  six,  express  the  critical  electrical  properties 
of  the  whole  given  series  of  impure  Iron-cu-burets.  Again  by  varying 
any  one  or  all  of  the  parameters,  a,  6,  o  .  .  .,  we  may  pass  from  a 
given  series  of  this  kind  to  any  other.'"  Finally  the  Amotion,  in  the  case 
of  a  given  series, 

J  log  2=log  ^— log  Zi 

possesses  the  important  property  that  for  wrought  iron  its  valae  ap- 
proaches zero;  for  cast-iron  its  valne  is  some  positive  number,  and  for 
steel  wesball  have  i^  log  z=  maximnm.  In  order  to  determine  the  po- 
sitioD  of  any  iron-carbnret  in  its  own  series  a  knowledge  of  the  fono- 
tJODB  Z]  and  z^  is  fully  sufficient. 

Thermo-ele^itrio  hardnest — general  interpretatum. — With  these  new  in- 
ferences we  are  able  to  give  the  results  of  au  earlier  chapter  (II),  a 
much  more  comprehensive  interpretation.  The  extreme  values  of 
thermo-electric  hardness,  z,  and  z„  corresponding  to  thorough  annealing 
and  sudden  cooling,  respectively,  describe  any  given  member  of  any 
given  series  of  iron-carbnrets  with  reference  to  its  chemical  propertiesj 
i.  «.,  «,  and  z,,  together,  determine  its  position  in  a  diagram  of  classifi- 
cation peculiar  to  iron-cartltirets.  The  intermediate  values  of  z,  in 
other  words,  those  lying  between  z,  and  z„  and  obtainable  by  the  an- 
ne^Dg  of  the  previonsiy  chilled  oarbaret,  describe  the  same  prodnct 
with  reference  to  its  mechanical  properties ;  t.  e.,  the  value  of  z  deter- 

""In  pncticc/,  kdA/,  will  be  interpoUtory  fnDctions  of  like  charoffter. 
■"It  ia  to  be  borne  in  miad  here  that  these  remarks  apply  principally  for  iron-oarbti- 
reta,  in  wUeb  x  doea  not  exceed  2.   The  final  generaliEatloD  Is  gireo  below. 
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mines  its  poaitioii  in  a  scale  of  hardness  peculiar  to  the  particular  iron- 
carbnret  {Xi,  z^)  lu  hiuid. 

.  Herewith  we  have  sacoeeded  Id  expresaiog  the  general  conception  of 
a  problem,  of  which  oar  research  on  the  hardness  of  steel  (Ohapter  II) 
is  to  he  regarded  as  only  a  special  solation."' 


FINiX   OENEBALIZATION. 

QwUitative  and  qiumtitatvee  carburation. — In  the  above  discnssioD  the 
general  features  of  the  electrical  behavior  of  iron  carburets,  whose 
degree  of  carbnration  is  above  2  per  cent,  has  already  been  given.  Bat 
a  more  detailed  consideration  most  take  cognizance  of  the  foct  that  even 
in  case  of  the  >same  chemical  composition  we  encounter  iron-carburets 
differing  enormooaly  in  their  physical  properties,  and  we  ore  led  into  a 
host  of  complicatdoDB  not  readily  to  be  snrveyed.  The  mode  of  occcr- 
renoB  of  carbon  in  irun,  or  what  may  be  called  the  qaality  of  oarbnra- 
tiou,  becomes  more  and  moredominaDt  in  effecting  changes  of  physical 
obaracter  of  these  prodnots,  as  the  amonnt  of  total  carbon  present  is 
inoreased.  The  temperature  in  red  beat  &om  which  the  conditions  I 
(thoroughly  annealed)  and  II  (sadden^  cooled)  are  reached,  as  well  as 
the  time  during  which  exposure  to  the  same  takes  place,  here  possesses 
essential  importance. 

Olaasification-J^nctum.— The  prolongation  of  the  critical  curves  h,  and 
At  &om  steel  into  the  region  of  cast-iron  can  therefore  be  made  in  a 
great  variety  of  ways.  For  each  particular  patJi  definite  premises  most 
be  laid  down,  viz.,  that  the  increase  of  carbon  shall  take  place,  qualita- 
tively as  well  08  quantitatively,  in  a  way  such  aa  is  in  accordance  with 
the  manner  of  carburation  of  the  sample  of  cast-iron,  in  which  the  par- 
ticular patii  in  question  is  to  terminate.  Perhaps  these  relations  ^ue 
expressible  with  greater  clearness  in  this  wise :  Suppose  that  with  refeor- 
ence  to  the  height  and  duration  of  the  temperature  fh>m  which  thorough 
annealing  {I)  and  sudden  cooling  {II)  is  to  be  effected,  etc.,  certain  fixed 
assumptions  have  been  made.  Bat  beyond  this  let  it  be  unrestricted, 
so  that  it  may  even  lie  beyond  the  melting  point  of  the  carburets  oper- 
ated upon.  Fnrthermore,  suppose  the  percentage  amonnt  (parameter) 
of  foreign  admixtures  and  impurities  othdt  than  carbon  present  in  iron 
be  constant  tbroaghout.  Then  let  the  relations  here  involved  be  repre- 
sented graphically  in  three  dimensions:  Thermo-electric  hardness  par- 
allel to  the  axis  Z;  carburation  quantitatively  considered  (percentage 

■"A  Kood  exiMople  of  the  differenra  between  meohonioal  and  thenno-eleotrlo  hard- 
ueM  is  givea  by  malleable  cost-iroD,  reaults  for  which  are  given  elsewhaie  (Chapter 
m,  p.  102). 
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of  total  carbon)  parallel  to  the  axis  X;  finally  qaalitative  carburation,'" 
t.  e.,  a  qaantity  which  erpresses  the  mode  of  occarrenoe  of  carbon  in 
iron,  parallel  to  the  axis  Y.  With  this  nnderstanding  a  characteristio 
snrface  will  correspond  both  to  condition  I  and  condition  U ;  and  if 
analogoaaly  to  the  above  (p.  189],  we  dednce  the  difference  ^logx,  its 
form  will  be 

^ log«=f  (o,  ft,  c, y,x) 

where  the  parameters  a,ti,o,  ...  refer  to  the  imparities  present. 

Every  plane  parallel  to  XZ  cnta  this  snrface  in  a  carve,  ezpreeaiag 
th«  electrical  behavior  of  a  Bcries  of  iron  cafbnrets  as  above  defined 
(p.  188).  All  snch  corves  of  interfiection  are  characterized  by  the  pres- 
ence of  a  maximnm  defining  the  steel  corresponding  to  the  impure  iron, 
f  (a,ft,o,...y,  0),  the  initial  oarbttret  of  theparticnlar  series  under  con- 
sideration. 

Eivery  plane  parallel  to  TZ  cots  the  snrface  J  log  2  in  a  carve,  ex- 
pressiDg  the  electrical  behavior  of  all  carburets  possible  in  case  of  a 
selected  fixed  amount  of  total  carbon  in  the  iron  carbnret.  Two  sach 
carves  will  differ  more  as  their  distance  apart  as  well  as  from  the  initial 
plane  YZ  is  greater.  It  will  be  seen  that  the  fiirtfaer  step  in  the  pres- 
ent researcfa  mnst  be  that  of  suitably  varying  the  elements  of  the  oper- 
ations I  and  II"'  in  such  a  way  as  to  throw  additional  light  on  all  these 
complications,  among  which  those  last  mentioned  are  as  yet  the  most 
obscure  and  imperfectly  understood. 

Clattifieation  diagram. — Notwithstanding  the  dangers  encountered  in 
representing  views  in  part  theoretical  with  the  aid  of  a  diagram,  we  are 
able  to  bring  to  the  mind  of  the  reader  all  that  has  been  said  so  per- 
spicuously in  this  way,  as  readily  vindicates  the  venture  of  a  rough  con- 
struction of  the  probable  contonr  of  the  surface  J  log  2.  In  the  follow- 
ing figure  {26]  the  XZ  plane  cuts  the  surface  ^log  z  [ratno)  in  a  line  coin- 
ciding with  the  axis  X.  This  is  supposed  to  be  an  hypothetical  oarbn- 
ret,  iron-graphite,  which  remains  iron-graphite  both  in  state  J  and  in 
state  H.    The  extreme  plane  parallel  to  XZ  represents  the  series  of 

in  A*  kn  example  of  tbe  nature  of  the  variable  p,  rappoae  it,  for  instaooe,  to  be  die 
niean  Tstio  of  combined  to  nitcomblDed  cBrbon  for  the  two  atatee,  I  aud  II,  or, 

Bofficieat  to  ezprew  the  qualitative  oooarranoe  of  carbon,  so  that  a  namber  of  Biidh 

Tariables  jr,  y",  y", are  DeeeBsary,  then  white  any  given  one,  yfor  inatiuiOA, 

pawee  all  valaes,  the  othere  an  to  be  regarded  as  panunetora — i.  e.,  oonatante  daring 
Aia  Tariation.  The  preaence  of  graphite,  amorphous  oorbon,  aud  combined  earbon 
ID  iron  may  anggeet  two  Tariablee,  g,  y'. 

■"Hnch,  for  iDitaace,  coald  be  learned  &om  continaons  electrical  ignition  of  iron- 
carbnreta,  in  vacno  and  goMs,  reepeotivety,  and  ezaminatloii  of  the  test  sample  ftom 
time  to  time ;  more  from  a  detaOed  exploration  of  these  phenomena,  made  conjointly 
by  a  phyeiolat  and  a  chemist.  Caibnration  piodneed  by  ignition  in  gaseous  bydn»- 
carbons,  and  sobaeqneatly  in  vaono,  anggests  itself  as  a  Rait  oonveiuent  method  of 
ezp«Kim«utal  attack. 
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iron-carbnrets  {rst)  in  whioh  all  carbon  ia  combined,  at  least  in  state  II. 
White  cast-iron  may  be  anpposed  to  belong  to  this  series.    The  plane 


FiQ.  H.—C^tmlBcUioa  dimgnm. 

TZ  intersects  the  surface  J  log  z  in  the  iron  line  approximately  coiociil- 
ing  with  the  axis  ¥.  The  extreme  plane  (mtn)  parallel  to  YZ  corre-  . 
sponds  to  abont  !r=6.  The  most  intetestiug  feature  of  the  diagram  is 
the  totality  of  steel  maxima  {svp).  If  ordinntes  be  let  fall  from  each  of 
these,  the  resalting  cylinder  will  intersect  the  plane  Xr  in  a  curve 
(peq),  expressing  both  qualitatively  and  qunntitatively  the  carburation 
of  the  infinite  steels  possible  in  ease  of  a  ^iven  impure  iron-carburet 
F  (a,  bfC,..  .y,  x).  It  is  hardly  necessary  to  add  that  the  number  of 
such  possible  surfaces  (rgtna)  is  again  infinite;  since  any  variation  of 

the  parameters  a,b,c, or  the  accessary  variables  y,'  y," .-  involves 

the  construction  of  a  new  one.     Practically,  however,  a  finite  number 
of  typical  surfaces  suffice. 

The  fignre  finally  contains  an  illnatrative  iutermediate  section,  in 
which  V  is  the  steel  of  the  series  of  iron -carburets  uvic. 

Ooncliidinff  remarks. — ^The  perusal  of  the  above  pages  will  have  shown 
that  the  problem  in  hand,  considered  in  its  full  generality,  is  exceed- 
ingly complicated.  Nevertheless,  we  presume  to  believe  that  the 
method  of  attack  which  has  been  briefly  developed  in  this  ohajiter  con- 
tains promise  of  success.  Both  the  intimate  relationship  between  the 
mechanical  properties  of  iron-carburets  and  their  electrical  behavior, 
as  well  as  the  incomparable  sensitiveness  of  the  functions  involved, 
emphatically  commend  our  electrical  diagram  to  the  metallnrgical  en- 
gineer. Indeed,  it  is  remarkable  that  metallurgists  have  thus  far  given 
no  attention  to  a  clasn  uf  physical  properties  which,  from  their  simplicity 
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and  proaennced  character,  seem  above  all  others  to  be  adapted  for  por- 
posee  of  dlscrimiQatioa  and  classiflcation.  Hagoetic  fanctioDB,  as  we 
have  shown  elsewhere,  admit  moch  less  readily  of  satisfactory  inter- 
pretation, varying  as  they  do  eaormoasly  with  the  figare  and  dimen- 
BioiLS  of  the  SMople  nndet  examioatioa.  The  interest  of  the  present 
chapter,  however,  centos  in  the  important  prodaet,  steel.  Onrioasly 
enoagh,  the  large  range  of  variation  of  mechanical  properties  whi*^ 
renders  thissabstance  so  indispensably  osefDl  have  not  as  yet  been 
fonnd  available  for.  its  accurate  definition.  The  electrical  qualities  of 
steel,  however,  Aimish  a  means  to  this  end,  which  can  conveniently  be 
poshed  to  greater  detail  and  nicety  than  will  be  necessary  for  any 
metaltorgical  or  even  physical  parposes.  It  is  in  this  respect  that  we 
.  believe  with  the  present  publication  to  have  opened  a  new  field  of  re- 
search, nsefhl  alike  in  its  bearing  on  the  practical  and  the  theoretioal 
problems  concerning  iron-carbarets. 

(786) 


mzec^vGoOglc 


OHAPTEE  VIII. 

BUIEV   BCMMABT   OX-   TMB  PBINCJPAI.  DATA. 

Iniroduetion. — The  remarks  ia  tliis  memoir  refer  almost  exclasively 
to  the  species  of  hardness  kaowo  as  temper,  and  which  may  be  imi>arted 
to  iron-carbnrets  b;  sadden  cooling  irom  red  beat  combined  with  mora  * 
or  less  sabseqaent  annealing. 

It  &11b  within  the  scope  of  the  work  to  develop  so  far  as  possible  the 
very  close  analogy  which  exists  between  tempering  and  magnetization. 

If  we  define  the  stracture  of  a  hard  cylindrical  steel  rod  as  being  the 
law  of  variatibn  of  density  enconntered  od  a  passage  from  axis  to  cir- 
oamference  along  any  radios  of  the  rod,  then  strnctoral  identity  in  case 
of  two  given  geometrically  similar  rods  of  the  same  composition  a  priori 
implies  identity  of  diameter.  In  what  way  stracture  may  vary  with 
diameter  is  not  even  coiijeotarable.  It  follows  that  immediately  com- 
parable magnetic  data  are  to  be  anticipated  only  where  the  rods  of 
variable  hardness  and  length  retain  the  same  thickness  and  composi- 
tion thronghont  the  oonrse  of  the  experiments. 

Chapter  I. — Like  the  specific  resistance,  the  galvanic  t«mperatare- 
ooefflcient  of  the  iron-corborets  exhibits  a  phenomenal  range  of  varia- 
tion, passing  from  the  values  for  wroogbt  iron  and  soft  steel,  0.00S2  and 
0.0043,  respectively,  to  the  values  for  hard  steel  and  cast  iron,  0.0016 
and  0.0013,  respectively.  The  said  ooefBcient  decreases  oontianonal; 
and  oniformly  as  resistance  increases,  more  rapidly  than  the  latter  dui^ 
ing  the  earlier  stages,  much  more  slowly  daring  the  later  stages  (^  a 
progress  trom  iron  to  cast  iron.  An  inferior  limit  of  the  temperatoie- 
ooefflcient  would  therefore  seem  to  appear  mnch  before  the  iron-carbnret 
reaches  the  superior  limit  of  resistance.  If  classified  with  refereuoe  to 
the  relation  between  resistance  and  temperature,  the  iron-corbnrets  as 
a  whole  form  one  continaoas  series. 

Oht^t&r  II. — If  the  temperature  firom  which  steel  is  suddenly  oooled 
be  supposed  to  increase  continuously  from  a  very  low  valne  to  the 
highest  admissible,  the  hardness  of  the  chilled  rod  will  remain  com- 
paratively iuappreoiable  nntil  a  certain  critical  temperature  in  red  heat 
is  reached.  At  this  stage  and  a  little  beyond  hardness  increases  at 
exceedingly  rapid  rates  with  temperatnre,  after  which  the  rate  again 
decreases. 

The  largest  observed  variation  of  thermo-electric  power  produced  by 
IM  (786) 
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tempering  is  12.8  microvolts  per  degree  centigrade  at  0°.    The  largest 
ratio  of  the  respective  resistances  of  hard  and  soft  steel 

46  (cm / cm', 0°,  microhm):  16  (cm/cm*,  0°,  microhm)=3. 

Since  hard  and  soft  8t«el  lie  on  opposite  sides  of  pare  silver  iu  the 
tbermo-electric  scale,  maxima  and  ueatrtd  potntfl  of  electromotive  foroe 
(thermo-electric  inversions)  are  a  common  occorreuce. 

The  annealing  effect  of  any  temperature  acting  on  glass-hard  steel 
increases  gradaally  at  a  rate  diminishing  continaouslj  through  infinite 
time— diminishing  very  slowly  in  case  of  low  t«mperatnres  [<100^), 
very  rapidly  at  first,  then  again  slowly  in  the  case  of  high  temperatures 
(>200O);  so  that  the  highest  and  hardest  of  the  inferior  states  of  hard- 
ness possible  at  any  given  temperature  is  approached  asymptotically. 

The  altimate  annealing  effect  of  any  temperatnre  t°  is  independent 
of  the  possibly  pre-existing  efEects  of  a  temperatnre  f  °,  and  is  not  in 
any  way  infiaeoced  by  sabseqaent  application  of  the  latter,  provided 
t>f  ■  In  case  of  partial  annealing  at  ^  (time  finite)  this  law  applies 
more  fully  tbe  more  nearly  the  said  nltimate  effect  of  tf>  is  reached. 

If  hardness  of  steel  is  to  be  expressed  tbermo-electrically,  it  is  inex- 
pedient to  n»e  tbe  soft  state  as  a  point  of  departure.  The  thermo- 
electric difference  between  soft  steel  and  soft  iron  (say  l)wben  com- 
pared with  the  corresponding  difference  between  the  extreme  states  of 
steel  (say  10)  is  small.  In  soft  steel,  however,  the  effect  of  foreign 
ingredients  (impurities:  S,  P,  Si,  Mn,  etc.)  is  still  too  pronoanced  to 
admit  of  a  desirably  accurate  determination  of  the  thermo-eleotrie 
position"*  of  this  metal. 

In  tbe  case  of  steel,  the  relation  between  thermo-electromotive  foroe 
per  degree  centigrade  at  0°,  and  speciao  resistance  at  0°  («),  is  linear 
throoghout  the  whole  of  tbe  phenomenal  range  of  variation  of  these 
qualities  with  hardness.  This  law  suggests  the  introduction  of  the 
new  variable  tiiermo-electric  hardness  (b),  defined  thus :  Suppose  the  said 
law  of  linear  variation  to  be  true  indefinitely;  then  will  the  electro- 
motive force  (microvolt)  per  degree  centigrade  at  0°  of  a  thermoele- 
meut  consisting  of  steel  In  the  imaginary  normal  state  whose  speciflo 
resistanoe  (cm  /  cm*  (K>  microhm)  is  zero,  and  steel  in  any  giveD  state,  be 
the  thermo-electric  hardness  of  the  latter.  The  tbermo-electric  positton 
of  steel  in  the  stated  normal  conditiou,  with  reference  to  pure  soffc 
sUver,  is 

m=16.18  microvolts 
per  degree  C.  at  0°.    Finally  in  the  fundamental  equation  h=n$, 
»=0.412 

Ok^ter  iir.— The  chemical  theory  of  the  phenomenon  of  temper 
leads  to  this  nlterior  inference.    By  the  simple  process  of  sudden  oool- 


■Mlt  [Dkf  b«  added  here  that,  even  if  chemicihll;  pure  steel  were  availa1)le,  Ite  tl 
eleeble  poiition  woold,  Teiy  probably,  be  Mrioaalj  variable  in  oouMqnenoe  of  nn- 
knowable  difleiMieee  In  the  mode  of  oocnrreDoe  of  the  carbon  contained. 
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ing,  combined  with  sabseqnent  anaealing,  applied  to  steel,  inasmach  as 
in  tbl8  way,  within  certain  limits,  any  given  amount  of  an  electrically 
active  ingredient  (carbon)  may  be  converted  into  an  electrically  pas- 
sive form,  the  same  results  are  reached  which  in  the  case  of  alloys  are 
obtainable  only  by  melting  the  two  component  metals  together. 

In  the  case  of  alloys,  the  plane  locns  determined  by  thermoelectrio 
power  (microvolts)  jier  degree  centigrade,  at  0°,  and  specific  resist- 
ance (cm  /cin*  0°  microhm)  shows  maxima  (or  minima)  for  both  prop- 
erties, so  disposed  that  the  said  singular  points,  at  the  temperature  0<^ 
at  least,  do  not  coincide.  The  range  of  variation  of  the  electrical  prop- 
erties in  question  appears  to  increase  with  the  difference  of  specific  vol- 
ume of  the  (two)  iogcddients  of  the  alloy.  Applied  to  steel,  the  reanlts 
interpret  the  observed  linear  loons  for  the  metal  (steel)  as  being  the 
initial  tangent  of  a  curve  of  comparatively  euormons  niaguitnde. 

Variation  of  resistance  is  a  necessary  concomitant  of  variatioD  of 
volume ;  uo  matter  how  the  latter  may  have  been  produced — whether 
by  temperature  or  by  tempering — the  increments  of  resistance  (a)  dne 
to  a  given  increment  of  volume  (o)  are  of  the  same  order.  A  purely 
thermal  effect  in  the  one  case  does  not  therefore  appear.    If  we  put 

..  =  .,(.+  1!^.) 

k  =.^ll'  :  ^*~'''—  150,  a  first  approximation. 

Gentle  ignition  after  a  previous  state  of  (hard)  temper  appears  to  be 
generally  accompanied  by  a  passage  of  both  resistance  and  volume 
through  minima. 

The  annealing  effect  of  temperature  and  time  in  the  case  of  drawn 
hardness  is  quite  analogous  to  the  said  effect  in  the  case  of  temper. 

The  position  of  cast  iron  is  isolated  with  respect  to  the  locus  express- 
ing the  simultaneous  variation  of  thermo-electric  ]>ower  and  specific  re- 
sistance dne  to  changes  of  temper  in  case  of  the  other  carburets  (steel). 
Gf.  this  r^nm^,  Chapter  I. 

The  chemical  theory  does  not  suggest  nor  account  for  the  observed 
phenomena  of  annealing.  Considered  physically  these  are  at  once  ref- 
wable  to  the  category  of  viscoas  phenomena.  In  the  ordinary  cases 
of  viscosity  measurement,  the  phenomenon  is  evoked  by  sudden  appli- 
cation of  stress  (torsion,  flexure,  tension,  volume  compression  or  exten- 
sion, etc.)  under  conditions  of  constant  viscosity ;  in  the  case  of  anneal- 
ing, by  sodden  decrease  of  viscosity  under  conditions  of  initially  con- 
stant stress.  Thermal  expansion  interferes  with  the  purity  of  these 
phenomena  by  destroying  the  conditions  of  existence  of  the  character- 
istic etr^n  wliich  accompanies  hardness,  and  this  in  proportion  as  the 
expansion  is  greater.  The  final  evidence  in  favor  of  the  given  interpreta- 
tion (viscosity)  of  the  phenomena  of  annealing  is  this:  that  the  maxi- 
mnm  of  permanent  hai'dness  which  can  in  any  way  be  imparted  to  steel 
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(t. «;,  the  m^xioiam  iDtend^  of  strsin  which  a  steel  rod  is  of  itself  able 
to  muDtain)  decreaaea  rapidly  as  temperatoie  increaBea.  (Cf.  Chap. 
nr,  p.  97.) 

"Die  temperature  condition  (cf.  Chapter  II  of  this  r^mm^)  to  which 
the  appearance  of  glaas-hardneaa  la  snbject,  ia  readily  aaggested  by  the 
chemical  theory.  Physically  the  atate  of  red  heat  of  iron  and  of  steel  ia 
remarkable  for  the  oocarrence  of  certain  characteristic  phenomena :  sud- 
den Tolame-ezpanaion  (Camming);  anomalona thermo-electrio behavit^ 
^!ait) ;  disappearance  of  the  magnetic  qoality  (Gore) ;  sudden  appear- 
ance of  glass-hardness  in  steel  chilled  from  this  temperature  (ChemotT). 
An  anomaloos  varlatioD  of  resistance  ma;  be  additJonally  Inferred. 
As  regards  conditions  fkrorable  to  glass-hardness  Comming's  phenom- 
enoD  distingniahes  iron  and  steel  &om  all  other  sabstaQces.  The  differ- 
ence between  iron  and  steel,  finally,  ia  exhibited  in  like  degree  by  the 
maximnm  of  permanent  magnetization,  by  the  maximum  of  permanent 
hardneBS  (Strain),  and  probably  by  the  maxima  of  other  strains  which 
these  metals,  ander  like  conditiooa,  respectively  retain*. 

In  the  substance  malleable  cast-iron  there  is  encountered  a  remark- 
able example  of  the  occurrence  of  mechanical  hardness  unaccompanied 
by  an  equivalent  variation  of  the  electrical  properties. 

The  existence  of  the  characteristic  strain  in  glass-hard  ateel  is  the 
cause  of  electrical  effects  so  enormous  that  auch  additional  effects  which 
any  change  in  carbnratlon  may  involve  can  be  wholly  disregarded,  and 
all  electrical  and  magnetic  results  interpreted  as  due  solely  to  varia- 
tioos  in  the  intensity  of  the  said  strain. 

Chapter  IV. — Both  the  galvanic  and  the  thermo-electric  effects  of  mag- 
netization  are  negligible  in  comparison  with  the  corresponding  electrical 
cffectH  of  tempering — the  former  amounting  to  less  than  0.3  per  cent,  of 
the  latter  in  the  motit  nnfarorable  case. 

The  absolute  value  of  the  said  thermo-electric  effect  for  magnetically 
saturated  iron  is  -f  0.035  microvolts  per  degree  centigrade,  at  zero. 

The  thermo-tf  lectrio  effects  of  a  temporary  tensile  strain  in  iron  and  of 
magnetisation  are  qaalitatively  alike.  Hence  we  infer  that  the  latter 
effect  is  to  be  attributed  to  the  strain  which  accompanies  magnetism. 

Chapter  V. — HJgidly  comparable  data  of  the  relation  between  mag- 
netism and  hardness  are  not  readily  obtainable  except  with  magnets 
which  were  originally  integrant  parts  of  the  same  (hard)  steel  rod  c^ 
uniform  temper  throughout  its  length.  The  plan  of  experimentation  is 
expediently  made  to  conform  with  a  passage  from  bard  to  soft. 

If  magnetic  moment  (C.  G.  S.)  per  unit  of  mass  [g)  be  regarded  as  a 
Ainction  of  hardnesi),  the  family  of  curves  obtained  exhibits  the  follow- 
ing general  character :  Magnets,  whether  long  or  short:,  after  incipient 
anoealing  from  the  glass-hard  state  diminish  in  magnetizability  to  a  pro- 
nonnced  minimuro  of  this  quality.  If  the  annealing  be  continued  mag- 
netizabili^  agtua  increases  to  an  enormously  developed  maximum  in 
case  of  rods  of  large  dimension-ratio,  to  a  flat  or  indistinct  maximum  In 
case  of  small  dimensioQ-ratio.  On  passing  from  long  to  short  steel  rods 
(789)  u,,.,...  ,^.v.v,.,.. 
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the  mininmin  ts  fonod  to  move  in  a  directiOD  from  hard  to  soft,  at  very 
slow  rates,  tlins  remaining  in  the  region  of  glass-hardness ;  the  mtm- 
mtun,  on  the  other  hand,  in  a  direction  from  soft  to  hard,  at  somewhat 
more  rapid  rates.  The  oniqae  maximum  of  permanent  magnetizability 
will  probably  be  exhibited  by  a  linear  steel  rod,  annealed  from  glass- 
hardness  as  far  as  the  physical  state  of  maximum  density.  The  valae 
of  the  uniqne  maximum  is  demonstrably  mnch  above  785  C.  O.  S.  nnits 
of  intensity,  or  100  0.  G.  B.  nnits  of  moment  per  gramme-mass.  Oon- 
tinaed  diminntioo  of  the  dimension-ratio  finally,  will  probably  bring  the 
said  minima  and  maxima  into  coincidence  in  sooh  a  way  that  permaoeDt 
maguetizability  decreases  nuifonnly  from  hard  to  soft. 

Tbe  family  of  magnetic  curves  must  be  separately  investigated  for 
each  given  diameter  (strnctnre)  and  each  given  degree  of  carburation. 
If  magnetic  moment  per  unit  of  mass  be  regarded  us  a  fnnctioQ  of  the 
dimension-ratio  (a  =  length  /  diameter],  the  family  of  curves  obtained 
(conveniently  described  with  the  aid  of  the  four  type  curves:  "glass- 
hard,"  "yellow  Annealed,^  "blue  annealed,"  "soft,"]  exhibit  the  follow- 
ing general  character: 

Tbe  curve  "  glass-hard"  is  concave  as  regards  the  axis  of  abscissie 
(dimension-ratio]  throughout.  Rising  very  rapidly  at  first,  it  finally 
ascends  to  a  distinct  limitiug  value  or  horizontal  asymptote.  Thecnrve 
"soft,"  on  the  other  baud,  rises  very  slowly  in  its  earlier  stages,  and  ia 
convex  an  regards  the  axis  of  abscissie.  From  here  it  passes  rapidly 
throofih  a  point  of  circunifiexion  into  concavity,  and  then  above  the 
former  curve.  Finally,  the  rate  of  ascent  again  decreases,  so  that  a 
borizoQtal  asymptote  is  also  reached,  but  apparently  at  a  later  stage  of 
progress  than  is  the  case  with  hard  steet. 

From  either  of  these  two  loci  expressing  the  variations  of  the  extreme 
states,  we  may  by  annealing  pass  continuously  to  the  other.  Bat  the 
mauoer  of  such  passage,  from  the  cue  curve  to  the  other,  in  conse- 
quence of  the  continuous  change  of  parameter  (hardness),  is  exceed- 
ingly complicated.  Incipient  annealing  of  glass-hard  steel  produces  a 
distinct,  though  relatively  small,  descent  of  the  original  curve  as  a 
whole.  As  annealing  progresses,  the  farther  end  of  the  curve  is  always 
the  first  to  rise  and  to  pass  above  the  original  curve  in  such  a  way  that 
the  point  of  intersection  of  the  new  curve  and  tbe  original  curve  (glass- 
bard)  moves  along  the  latter  with  great  rapidity,  from  greater  to  smaller 
values  of  the  dimension-ratio.  When  the  curve  "yellow  annealed"  is 
reached,  the  part  of  it  between  a  small  value  of  the  dimension- ratio,  a 
(=14  and  18,  in  the  above  measurements,  for  diameters  2/3=0.08  cm. 
and  0.15  cm.),  and  a=  ix,  has  been  already  elevated  above  the  curve 
"glass-hard."  At  tbe  stage  of  progress  given  by  the  blue  annealed 
curve,  the  part  between  another  small  value  of  «  (a  =  16  and  20  in  the 
above  results)  and  a=  oc  has  risen  far  more  rapidly  than  before,  while^ 
on  tbe  other  hand,  tbe  advancing  part  of  curve  between  a=iO  and  the 
said  small  value  (a=16  or  20,  respectively)  having  descended  very  grad- 
(790) 
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oally,  ia  now  distinctly  coovex  downward.  FaBsing  from  "blue  an- 
Dealed**  ix>  *'  soft,"  the  part  of  the  carve  above  smaller  dimeneion-ratios 
coDtinaes  ix>  fall,  in  general  at  greater  rates,  finally  to  merge  into  the 
curve  "soft.''  The  remuning  part,  above  greater  dimension-ratios,  still 
lises  slowly,  reaching  its  saperior  elevation,  from  which  it  then  falls 
rapidly  into  coinddence  with  the  extreme  curve  "soft"  also.  Daring 
this  last  phase  of  progress  the  point  of  intersection  of  the  advancing 
carve  and  the  carve  glass-hard  passes  along  the  latter  fh>m  sm^er  to 
larger  valnes  of  the  dimension-ratio. 

CAopter  VI. — In  considering  the  permanent  magnetic  effect  of  tem- 
perataie  on  steel  permanently  saturated,  it  is  necessary  to  discriminate 
sharply  between  two  species  of  magnetic  loss : 

1.  The  direct  effect,  due  simply  to  the  action  of  temperature,  and  to 
be  ascribed  to  diminatioo  of  coercive  force  and  to  interference  of  ther- 
mal  expansion  with  the  magnetic  stndn. 

2.  The  indirect  effect,  dae  to  the  action  of  temperature  In  producing 
mechanical  annealing,  and  to  be  ascribed  to  the  interference  of  the  re- 
arrangement of  molecules  resulting,  with  the  magnetic  strain. 

The  two  effects  are  frequently  superimposed.  Considered  separately, 
the  latter  (indirect  effect)  is  by  far  the  greater  in  amount,  and  its  chta- 
acter,  wiUi  regard  to  magnitude  and  duration,  fully  typified  by  the  con- 
comitant phenomenon  of  ordinary  mechanical  annealiug.  The  former 
(direct  effect}  is  not  only  of  smaller  mugnitode,  but  subsides  completely 
within  a  very  much  smaller  interval  of  time.  A  third  (temporary)  effect 
of  temperature  does  not  fall  within  the  scope  of  the  present  work. 
If  the  contemporaneous  effects  of  the  action  of  temperature  on  perma- 
nently saturated  glass-hard  magnets,  viz.,  redaction  of  magnetic  moment 
per  unit  of  mass  (ordinates)  and  of  specific  resistance  (abecisaee),  be 
compared  graphically,  the  loci  of  the  relation  pass  from  pionounced 
convexity,  as  regards  the  axis  of  abscissae,  almost  horizontally  through 
a  point  of  circnmflexion  into  pronounced  concavity.  It  must  be  borne 
in  mind  that  both  the  direct  and  indirect  effcts  are  here  superimposed. 
The  said  curves,  if  constructed  for  different  dimension- ratios,  are  ap- 
proximately parallel,  presenting  greater  corvatare,  however,  for  smaller 
dimension-ratios  than  for  larger.  The  immediate  bearing  of  temper  on 
the  indirect  effect  is  strikingly  shown  by  the  fact  that,  in  the  case  of 
long,  bard,  permanently  saturated  steel  rods,  the' relation  between  per- 
manent magnetism  per  unit  of  mass  and  resistance,  where  both  varia- 
tions are  simultaneous  and  due  to  changes  of  temper  only,  and  where 
the  latter  occurs  between  the  maximnni  of  permanent  hardness  for  ordi- 
nary temperature  and  the  maximum  of  the  same  qaality  for  100°,  is 
ultimately  (a  =  oc)  linear. 

The  maximam  of  permanent  magnetization  for  any  given  temperature, 
t°,  which  can  be  imparted  to  a  steel  rod  exhibiting  the  maximum  of 
permanent  hardness  for  the  same  temperature,  t°,  is  wholly  independ- 
ent of  the  possibly  pre-existing  states  of  magnetization.  If  f  =  100°, 
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inch  magnetB  possess  exceptional  reteutiTeiiase  botli  as  regards  effects 
of  (atmospheric)  temperatare  and  time  and  of  percosadon. 

rbe  following  roles  for  the  praotioal  treatment  of  ma^ets,  whefe 
great  retentiveness  is  the  principal  desideratum,  we  believe  to  be  jnsti- 
fled  Id  submitting : 

1.  Bods  tempcied  glass-bard  are  not  to  be  used  as  essential  parts  of 
magnetic  iBatnunents. 

2.  Having  tempered  a  given  steel  rod  in  saoh  a  way  as  iuBores  ani- 
fonnit;  of  glasa-hardness  tbronghont  its  length,  expose  it  for  a  long 
time  (say  20-30  honre ;  in  case  of  massive  magnets  even  longer  inter- 
vals  of  ezposnre  aie  preferable)  to  the  annealing  effect  of  steam  (lOOO). 
The  operation  may  be  intermpted  as  often  as  desirable.  The  magnet 
will  then  exhibit  the  maximom  of  poraanent  hardness  for  100°. 

8.  Magnetize  tbe  rod — whetiier  originally  a  magnet  or  not  is  quite 
immaterial — to  saturation,  and  then  expose  it  again  for  about  6  hoars 
(In  case  of  massive  magnets  even  laz^r  iatnvala  of  exposure  ai«  pref- 
erable) to  the  annealing  effect  of  steam  (100°).  Tbe  operation  may  be 
interrupted  as  often  as  desirable.  The  magnet  will  then  exhibit  both 
the  mudmnm  of  permanent  magnetization  as  well  as  the  maximum  of 
permanent  hardness  corresponding  to  100°.  Ite  degree  of  magnetio 
retentivenesB  against  effects  of  temperature  (<  100°),  Hme,  and  per- 
oussioD  is  probably  the  highest  conveniently  attainable. 

Chapter  VII. — Given  any  iron ^sar buret,  pure  or  impure. 

Suppose  carbnration  to  vary  continuously  from  0  per  cent,  to  6  per 
cent,  by  weight  of  the  whole,  in  any  definite  manner,  and  in  such  a  way 
that  increment  in  total  carbon  is  compensated  by  decrement  in  total 
iron.  Let  there  be  no  further  change  in  the  ingredients  of  the  carboret. 
In  this  way  we  generate  a  special  teriea  of  iron-carbides  of  which  the 
given  carburet  is  a  particular  member. 

Such  aserieeof  iron-carbnrete  exhibits  the  following  characteristics: 

If  cooled  from  a  temperature  in  red  heat  as  rapidly  as  possible,  thermo- 
electric hardness  varies  cnutinuoualy  with  carbnration,  at  a  gradually 
retarded  rate,  and  in  saoh  a  way  that  the  locus  ascends  rapidly  during 
the  earlier  stages  of  progress,  very  slowly  during  the  later  stages.  As  a 
whole,  therefore,  the  curve  shows  pronounced  conoavity  downward. 

If  cooled  from  tbe  same  temperature  in  red  heat  with  all  desirable 
slowness,  thermo-electric  hardness  varies  continuously  with  Carbnration, 
at  a  gradually  accelerated  rate,  and  in  such  a  way  that  the  locus  ascends 
slowly  during  the  earlier  stages  of  progress,  very  rapidly  during  the 
later.  As  a  whole,  theretbre,  the  carve  shows  pronounced  convexltiy 
downward. 

Tbe  difference  between  the  values  of  thermo-electric  hardness  for  the 
same  carbnration  passes  through  a  maximum  in  the  region  of  steel. 

The  difference  between  the  logarithms  of  tbe  respective  v^aes  of 

thermo-electric  hfodnese  for  the  same  carbnration  passes  through  a  pro- 
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Doanoed  maximnin,  defioing  a  carbide,  the  mechanical  properties  ot 
Thich  are  those  of  a  type  steel,  and  may  be  fiilly  given  thiu: 

Let  each  member  of  the  Wuole  aeries  of  iron-oaiborets  be  snbjected 
BDOoeasively  to  the  following  operations : 

L  A  process  of  very  slow  cooling  tram  a  given  tempeiatare  in  red  heat. 

IL  A  process  of  most  rapid  cooliog  possible  trom  the  same  tempera- 
tore. 

If  now  the  carbttrets  be  examined  with  reference  to  the  hardness  pro- 
daoed  in  the  two  instances,  there  will  be  fonnd  among  them  a  cert^ 
oniqae  member,  whose  properties  are  snch  that  while  process  I  has  more 
nearly  identified  it  with  pore  soft  iron,  process  II  will  have  moved  it 
fhrther  away  &om  this  ioitial  carburet  than  is  simnltaneonsly  the  case 
with  any  other  iron-carbon  product;  a  aniqne  member,  in  other  words, 
which  is  capable  of  oocnrring  in  the  greatest  number  of  states  of  hard- 
ness relative  to  tiie  soft  state,  possible,  to  the  said  prodnct  the  term 
"  steel"  is  to  be  applied. 

Similar  dednctions  may  be  made  from  the  critical  values  of  apeciflo 
reaistanee  of  iron-carburets. 

The  variation  of  a  function  like  the  one  in  hand  in  the  neighborhood 
of  a  maximum  is  small.  Hence  a  group  of  irou-carbnrets  disposed  on 
either  side  of  the  said  raaximam  will  possess  properties  sufficiently  alike 
to  be  practically  or  commeroially  identical  with  the  accurately  defined 
type. 

The  general  statement  of  the  problem  of  which  a  special  solotion  is 
contained  in  Chapter  II  is  this : 

The  extreme  values  of  thenno-electaric  hardness,  i  «.,  the  values  cor- 
responding to  sadden  cooling  and  thorough  annealing,  respectively,  de- 
scribe any  given  member  of  auy  given  series  of  irou-carbnrets  with  refer- 
enee  to  its  chemical  properties.  In  other  words,  the  said  extreme  valaes 
fix  its  position  in  a  diagram  of  classification  peculiar  to  irou-carbnrets. 
The  intermediate  values  of  thermo-electric  hardness,  t.  e.,  the  values  ly< 
ing  between  the  extremes  and  obtainable  by  annealiug  of  the  previously 
chilled  carburet,  describe  the  same  product  with  reference  to  its  me- 
chanical properties.  In  other  words,  the  said  intermediate  values  deter- 
mine its  position  in  a  scale  of  hardness  peculiar  to  the  particolar  iron- 
earbnret  in  hand. 

Qiveu  the  same  iron-carbnret  pure  or  impure,  as  before.  To  this  be- 
long another  series  of  carburets,  so  generated  that  while  chemical  com- 
position remains  nnchuoged,  tlie  mode  of  ocourronoe  of  carbon  passes 
fhMu  an  initial  extreme  phase  to  a  final  extreme  phase.  In  the  simple 
case,  where  carbon  is  present  in  the  combined  and  nncombined  modifl- 

catitHis  only,  ^S^-iE-^=0  may  be  regarded    as  the  initial  phase, 

~Tt"iV)  ~^'  **  *'*®  *"*'  phase  of  occorrence.    The  character  of  the 

variation  of  thermo-electric  hardness  with  the  generating  variable — eon. 
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vemenQy  termed  qaaljtative  carbniatioD — cannot  as  yet  be  eaanciatAd. 
The  totality,  or  whole  class  of  iron  carbnrets  of  which  the  given  sample 
is  a  particular  member,  finally,  may  be  expressed  by  a  diagram  in  three 
dimensioDS,  in  which  thermo-electric  hardness  appears  as  ordinate, 
qnantitative  carburation  (total  carbon  in  per  cents.)  as  one  independent 
variable,  x,  qualitative  carboration  as  the  other  independent  variable,  y. 
In  the  general  equation  of  snch  a  anrface,  imparities  (8.  F.  Si.  Mn.  etc.) 
including  any  fbrther  modification  of  carbon,  are  indicated  by  arbitrary 
constants  (parameters).  Any  variation  of  each  or  all  of  these  Is  equiv- 
alent to  a  passage  from  one  definite  classifioation-Baiface  to  another. 

lu  constmcting  the  diagram  nse  was  made  of  a  class  of  easily  meaa- 
arable  physical  properties,  thermo-electric  hardness  and  specific  resist- 
ance, which  in  the  case  of  iron-carbareta,  from  their  simplicity  and 
pronounced  character,  seem  above  all  others  to  be  adapted  for  purpoees 
of  discrimination  and  classification.  In  addition  to  these,  however, 
both  the  density  and  magnetic  qqality  (magnetic  moment  per  unit  of 
mass  of  permanently  fiatnrated  linear  rods)  of  iron-carburets  are  simi- 
larly, though  less  conveniently,  available.  On  the  basis  of  the  above 
magnetic  researches  it  m  ay  be  safely  affirmed  that  the  given  plan  of  dis- 
cnssion,  if  applied  in  tnm  to  these  functions,  must  lead  to  a  classifloa- 
tion-diagnun  diffiering  in  no  essential  respect  from  the  above. 
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1. — INTBODtJCTOBY    BEMABKS. 


The  ezperimeota  which  gave  rise  to  the  following  paper  were  com- 
menoed  with  the  view  of  farther  atodjing  the  relation  between  the 
maxtmnm  of  permanent  magnetism,  hardneaB,  and  form  of  steel,  a  sub- 
jeot  proposed  for  inangural  work  by  Professor  Kohlransch. 

Although  this  Question  has  elicited  considerable  experimentation  ever 
since  Ooolomb's"'  time,  it  was  not  until  comparatively  recently  that  har- 
monious results  were  arrived  at,  chiefly  through  the  labors  of  Bntha,"^ 
Bowland,'"  Gaugain,'''*  Promme,""  Trive  and  Durassier,'*'  and  Gray.'" 
All  these  observers,  however,  classified  steel,  with  reference  to  its  hard- 
ness, either  simply  into  hard  and  soft,  or  accepted  the  colors  of  the  oxide 
film  on  the  tempered  bar  as  a  criterion  of  distinction  snfficient  for  their 
purposes.  It  seemed,  therefore,  that  the  most  probable  method  of  further 
elucidating  the  magnetic  subject  referred  to  woald  consist  in  attempting 
to  find  some  method  by  which  the  hardness  of  steel  can  be  more  dis- 
tinctly and  more  rationally  expressed.  My  endeavor  was,  in  other 
words,  to  give  the  very  vague  notion  hardness,  as  applied  to  steel,  a 
gvantitative  signification.  So  long,  however,  as  the  ultimate  nature  of 
hardness  does  oot  admit  of  accurate  definition,  it  is  sofficient  for  the 
accomplishment  of  this  end  to  examine  some  of  the  other  properties  of 
steel,  which  likewise  vary  with  its  hardness,  and  by  considering  the 
magnetic  moment,  cateria  paribus,  as  dependent  on  the  former,  to  elimi- 
nate, as  it  were,  the  notion  of  hardness  between  tbem.  My  attempt  is, 
in  short,  to  find  an  expression  of  the  more  complicated  fanctions  pf 

'"^Thie  is  here  prlated  for  ita  bearing  npon  t)ie  diBonwion  of  steel,  in  the  form  of 
its  originsl  pnbUcatioD  iu  the  Phil.  Hig.  (5),  YIII,  pp.  341-368,  197>). 

I'^Conlomb:  Blot.  Phys.  Ill,  p.  lOB,  Ac;  Eansteen;  Pogg.  Auti.,  Ill,  p.  S36,  IBSS; 
Mailer:  Pogg.Ann.,  LXXSV,p.  157,  1852;  Plflcker!  Pogg.  Ana.,  XCIV,  p.!M,ia55; 
Wledemum:  Pogg.  Ann.,  CVI,  p.  169,1859;  LanoDt:  Euidbnch.  d.  Magnet.,  pp. S33, 

>-353. 

■n  Buths:  Inangaral  DtMertation,  p.  34.     Dacmatadt,  1874. 

nKonland:  Phil.  Mag.  (4),  L,  p:  381,  1875. 

"Oaagain:  Comptes  rend.,  LXXXII.p.  145,  1876. 

^Fromme :  G8tt.  Naohr.,  No.  7,  1876,  p.  157  «t  wj. 

*iTr^eai]dDnraBBler:  Ann.  de  Chim.  etds  PhyB.  (S),V,  p.  266, 1875. 

••Gray!  PhlLMag.  (5),  VI,  pp.321-3, 187«. 
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hudness,  e<Bterig  paribus,  in  terms  of  the  more  simple.  Of  the  latter, 
the  thermo-electric  properties  and  the  specific  resistaDce  of  steel,  both 
admittiiig  of  accurate  and  easy  determination,  appear  most  suitable. 

Bat  the  experiment^  on  hardness  and  the  electrical  properties  alluded 
to,  althongb  only  introdactory  in  their  character,  gave  rise  to  a  nomber 
of  new  resnlts.  I  determined,  therefore,  to  publish  them  separately. 
To  obtain  as  complete  a  picture  as  possible  of  these  phenomena  I  have 
made  free  ose  of  all  the  information  on  the  subject  within  my  reach. 
In  each  case  the  aathor  borrowed  from  is  cited. 


2. — APPARATUS  FOB  HARDENING  THIN  STEEL-  WISE. 

For  reasons  which  become  apparent  below'"^  the  principal  experiments 
of  the  following  paper  are  conBaed  to  thin  rods  cut  from  the  same  coil 
The  rather  difflcnlt  task  of  hardening  these  homogeneously  thronghout 
their  length,  without  giving  rise  to  a  change  in  their  chemical  composi- 
tion (either  from  oxidation  or  carbnration),  I  believe  to  have  accom- 
plished by  the  aid  of  the  following  apparatus: 

A  glass  tube  200  to  300  millimeters  long,  8  millimeters  wide,  was  pro- 
vided at  a  distance  of  about  80  millimeters  from  one  end,  with  two 
opposite  apertures  ao,  Fig.  26,  each  about  3  millimeters  in  diameter. 
This  part  was  then  surrounded  with  a  cork,  A,  pet- 
A  forated  perpendicularly  to  the  axis  of  the  tube  in 

^  a  manner  to  correspond  with  the  boles  aa.    This 

arrangement  is  fastened  vertically  in  a  suitable  iron 
stand  (not  shown  in  the  figure),     Tlie  wire  to  be 
hardened  is  introduced  into  the  tube  and  fastened 
below  to  a  brass  rod,  bk,  fitting  tightly  in  the  per- 
foration baab,  and  above  to  tbe  spring  dK.    For 
the  purpose  of  fastening  tbe  lower  end  it  was  found 
snEQcient,  after  having  previously  wound  it  aronnd 
the  rod  bh  so  as  to  form  a  coil  which  coold  easily 
— *  be  made  to  slide  off,  to  push  the  rod  through  baab 
and  the  coil,  the  latter  having  been  Introduced  iuto 
the  tube  from  the  tup.    The  spring  dK,  round  tbe 
lower  half  of  which  the  other  end  of  the  wire  was 
wound,  tbe  upper  hulf  being  provided  with  a  clamp- 
screw  gg,  was  fastened  to  a  second  arm  of  the 
stand  (also  omitted  in  the  figure).     By  properly 
Fia.!s.-Ai>MnitaBri>r)urd-  a^^QSting  the  rod  fr&  sud  the  arms  of  Ulc  stand  the 
wire  could  be  brought  into  coincidence  with  the 
axis  of  the  tube  and  stretched  as  far  as  was  necessary. 
in  DifBcnlties  due  to  atmctuK,  vide  i  7,  d. 
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A  powerful  galvanic  carrent  heated  the  wire  to  the  degree  of  rednesB 
deaiietl.  The  fonner  entered  gg  and  passed  back  to  the  battery  through 
hh  (ae  shown  in  the  figure).  To  prevent  the  oxidation  of  the  wire  dar- 
ing the  heating,  a  carrent  of  dry  GOi-gas,'"  was  passed  through  the 
tube,  entering  by  means  of  the  hose  0  attached  to  the  lower  end. 

After  the  wire  bad  attained  a  steady  uniform  glow  the  hose  0  was 
closed  by  the  Augers,  its  connection  with  the  carboDic-acid  apparatus 
diaadjusted,  the  open  end  being  connected  with  a  neighboring  hydrant 
inslead ;  hereupon  the  &aoet  of  the  latter  was  quickly  opened,  the  gal- 
vanic current  being  at  the  same  time  intermpted;  ttie  water  dashing 
np  the  tnbe  (as  an  unbroken  column,  however)  with  great  velocity,  im- 
parts to  the  wire  the  bardnesa  desired.  Before  each  esperimeut  the 
parts  of  the  apparatus  were  well  dried  in  a  current  of  air. 

The  apparatus  described  presents  the  following  advantages : 

(1)  By  employing  corrents  of  different  intensity,  thus  heating  the 
wire  to  different  degrees  of  redness,  we  are  able  to  obtain  correspond- 
ing degrees  of  hai^uess,  which,  though  scarcely  distinguisbable  me- 
chanically (all  appearing  equally  hard  and  brittle),  have  very  different 
effects  on  the  magnetic  and  electrical  properties  of  steel.'*" 

(2)  From  the  fact  that  the  wire  is  kept  in  a  state  of  continual  tension 
by  the  spring  dE,  and  from  the  particular  method  of  chilling,  the  wires 
remain  straight  after  being  hardened. 

(3)  The  very  slight  oxidation  noticeable  on  the  hard  wires  is  prob- 
ably due  to  the  contact  of  water  and  3teel  in  the  act  of  hardening. 

Disadvantages,  however,  arise  from  the  fact  that  the  use  of  the  ap* 
paratns  is  confined  to  thin  bars,  and  that  the  wires  obtained  may  be  in 
a  state  of  cirenlar  magnetization.  This  would  partly  prevent  their  em- 
ployment in  (certain)  subsequent  magnetic  experiments.  The  difflonlty 
may  however  be  avoided  by  opening  the  galvanic  carrent  a  little  before 
opening  the  &ucet. 


3. — IfETHODS    OP    HEASUBINQ    THE  HARD1TE88    OF    STEEL   ELEC- 
TBICALLT. 

(a)  Tkarmodeetrie  position  am  harditeag  of  steel. — In  this  place  it  will 
be  expedient  to  leave  the  special  consideration  of  steel  for  the  moment, 

>**  Ilftvlng  Moideu  tally  emplojred  moist  oarbonio-acid  gas, »  BrnoU  flame  wm  obaerred 
at  the  top  of  the  tnbe.  This  ia  probably  due  to  tbe  oombnstion  of  Hg  and  CO,  the 
fbimer  being  generated  by  the  decomposition  of  aqoeoDS  vapor  by  tbe  bet  steel,  the 
latter  by  the  action  »f  the  nascent  H  prodooed  od  tbe  COg. 

"  See  IX.  The  coeTcive  force  of  ateel  being  a  raiuimnm  at  a  point  in  incipient  led- 
ness,  it  is  possible  tliat  this  apparatna  might  be  used  in  obtaining  intense  ciroolarly 
«T  longitadinally  magnetio  wires.  In  the  first  case,  tbe  wiies  shoatd  be  cooled  with- 
out breaking  the  conent ;  In  the  seoond,  the  wires  surrounded  by  a  tabe  throngb 
irhicb,  during  tbe  act  of  hardening,  a  powerfhl  galvanic  current  flows.    (See  HoltB, 

lined.  Aim.,  vn,  p.  n,  18T9.) 
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giving  sttentioD  to  the  eleotromotiTe  foice  of  a  themK^element  com- 
posed of  any  two  difFereat  metals  A'  and  A". 

Kohlraasch  i"  bae  shovn  that  the  pheDometia  indaded  under  the  bead 
of  thermo-eleotricity  can  be  explained  on  the  bypothesis  that  the  heat 
cnrrent  is  always  accompanied  by  an  electric  oarrent.,  whose  intea^ty 
is  proportional  to  the  number  of  caloric  units  passing  tbe  same  section. 
He  thns  arrives  at  an  expression  for  the  eleotromotive  force  between 
any  two  metals  (A'  and  A")  which,  if  for  simplicity  we  sappose  the  cold 
end  to  be  kept  at  zero,"'  has  the  following  form: 

B.=[y-S"]r[l+/(r)] 

where  Ht  is  the  clectromotiTe  force  corresponding  to  the  difference  of 
temperatore,  r,  of  the  ends;  {S'S"),  a  constant,  spedflc  for  the  combi- 
nation. 

This  expreesiou  of  Koblranscb  is  very  convenient,  iuasmach  m  it 
allows  ns  to  separate  the  actnal  eleotromotiTe  force  into  two  terms,  of 
which  the  first, 

S'rfl+/(T)J 
is  dependent  only  on  the  metal  A'  and  r,  the  seconded"  r  [14-/(r)],  only 
OD  A"  and  T. 

Now,  we  know  that  the  thermo-electric  position  of  a  metal  Is  depend- 
ent not  only  on  its  chemical  nature,  but  alao  on  its  mechanical  condi- 
tion (hardness).    Let  us  therefore  pat 

where  ^o'  and  %"  are  to  represent  the  (abaolnte)  constants  dependent 
on  the  obemioal  nature  of  A'  and  A",  respectively,  6"  and  ff",  however, 
varying  with  the  hardness  of  the  metals.  Thus  the  above  equation 
becomes: 

^.=[v-v]+[^-nr[i+/(^)} 

Bat  sappose  that  A'  and  A"  are  not  different  metals,  but  represent 
two  rods  to  which  difC^nt  degrees  of  hardness  have  been  imparted, 
which  were  originally,  however,  cut  from  the  same  wire.  In  this  case 
[5J—5t"W0,  whence 

I!.=[e'~8"]  T  [l+/(r)] 
dependent  only  on  r  and  the  difference  of  hardness  of  the  rods. 

It  will  be  shown  below  that  the  electromotive  force  of  an  element  of 
soft  and  hard  steel  varies  continuoasly  with  the  difGerenoe  of  tempera- 
tare  r  and  with  the  difference  of  hardness  of  the  rods.  We  will  there- 
fore put  ^',  the  constant  belonging  to  the  soft  bar  (t.e.,  one  which  has 
been  heated  above  redness  and  allowed  to  cool  slowly  in  a  badly  con- 
ducting  medium),  equal  to  zero,  as  it  is  in  this  that  tb»  moleonles  will 

t»KoUT»Dwdi :  Fogg.  Ann.,  CLTl,  p.  601, 1976. 

i"Thvttieimo-«leotiorootlTe  force  baingiMwordiiig to  Talt,  Aveiutiliu,  HHikel,uid 
othen,  •  Amotloik  of  tlie  temperatim  of  the  two  end*. 
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most  probab]y  have  aasamed  normal  poeitious.    If,  fkirtliennoro,  we 
replace  11^=6'  t  [l+/(r)]  by  Er=ar-^}n',  a  Hoffloieat  appTOximatioQ for 

pntctice,  we  derive  ^p=o+2fcr  aod   -^    =a,  for  r=0. 

ThiB  expreaaion,  i.  e.,  the  llmitiDg  value  of  the  eleotromotiTe  fbrce  of 
a  tbermo-element  composed  of  a  soft  rod  and  one  of  ady  degree  of  hard- 
ness to  the  correspondlDg  difference  of  temperature^  when  the  latt«r 
coDverges  towards  zero,  will,  in  the  seqael,  be  taheo  as  the  measure  of 
hardnesa  of  the  harder  bar.  I  shall  apply  the  term  thermo-electri'i 
hardness  abbreviated  (T.  B.  H.)  to  it,  tbroughont  the  following  paper. 

The  relation  between  tbe  thermo-electric  properties  and  the  hardnesa 
of  Bteel,  notwithstauding  its  comparative  importance,  haa  never  to  my 
knowledge  been  made  the  aubjeet  of  detailed  and  ezclualve  atudy.  AU 
the  experiments  thus  far  published  (the  principal  being  those  of  Mag- 
nna,'*'  Sir  William  Thomson,'*'  and  B.  Becquerel*"),  are  of  a  qnalitative 
natnre,  tbe  resnlts  being  derived  from  the  direction  of  the  corrent  ob- 
served on  bringiug  together,  in  one  way  or  another,  wires  of  different 
hardnesa 

Tbe  experiments  of  Magnns,  being  limited  to  hard-drawn  wires,  do 
not  properly  fall  within  the  scope  of  tbe  present  paper.  The  same  is 
trae  of  a  number  of  the  experimenta  in  the  excellent  paper  of  Sir  Will, 
iam  Thomson.  With  regard  to  the  effects  of  annealing  Professor 
Thomson  observes:  "  In  cases  of  ronnd  steel  wire,  of  steel  wire  flattened 
tliroQgh  its  whole  length  by  bammerlDg,  and  of  steel  watch-spring,  tbe 
thermo-electric  e&ect  of  annealing  portions  after  the  whole  had  been 
suddenly  qooted,  was  a  current  from  anannealed  to  annealed  through 
hot."    This  resnlt  comprehends  all  that  has  thus  far  been  done. 

(6)  Specific  resistance  and  hardiiess  of  steel. — With  reference  to  the 
specific  resistance  and  the  hardness  of  steel,  I  shall  proceed  in  a  man- 
ner analogous  to  the  preceding.  Denoting  the  observed  specific  resist- 
aoce  of  a  bar  by  8,  that  part  of  S  which  is  due  only  to  the  chemical 
nature  of  tbe  rod  by  8i^  that  due  to  hardnesa  by  ^  ^  I  have 
8=8t+JSt 

Now,  as  it  follows  from  results  given  below  that  the  siieciflc  resist- 
ance of  stael  increases  continuously  with  its  hardness,  it  will  be  con- 
venient to  put  JiSn  for  the  soft  bar  equal  to  zero.  The  value  of  dSt  for 
a  bar  of  any  degree  of  faardneas,  thus  numerically  determined,  will  tn 
tbe  following  be  accepted  as  a  second  measure  of  that  property.  The 
work  thus  for  published  on  tbe  relation  between  specific  resistance  and 

>"Tbe  colder  end  being  Bnppoaed  at  0°. 
"H^noe:  Pogg.  Add.  LXXXIII,  p.  486, 1851. 
WThomBon:  PhU.  Trkiu.,  lU,  pp.  709-727, 1866. 
«BeoqiKinl:  Ann.  de  Cbim.  «t  de  PtiTS.,  (4),  Till,  p.  403, 1868.     . 
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hardness  of  steel  is  due  principally  to  MouBBofi.'°*  Of  late,  resalts  hare 
been  annonaeed  by  Chwolson.'"  The  data  of  both  observers  agree  only 
qaalitatively  vlth  mine,  and  among  themselves. 


4. — KETERMINATION    OF   THEHMO- ELECTRIC    HABDNES8.      APPA- 
RATUS. 

{a)  Method  of  measurement. — In  the  determination  of  thermo-electric 
fisrce  the  procedure  known  as  Ohm's  method  was  first  employed.  After- 
wards it  was  found  expedient  to  measure  these  forces  (as  Kohlrausch 
and  Ammann*^  had  done  in  similar  experiments  before)  by  a  zero  method, 
the  object  being  to  avoid  the  species  of  polarization  dae  to  Peltier's 
phenomenon.  My  method  can  ea.sily  be  deduced  from  that  proposed 
by  Bosscha,  the  latter,  in  the  case  where  small  electromotive  forces  are 
to  be  measnred,  admitting  of  simpliflcatioD.  In  the  diagram,  Fig.  27, 
£  denotes  tbe  compensating  element  (1  Darnell's  ele- 
-^._^.Jf  ment  =  11.7  Weber  x  Siemeus'  anits),  e  the  thermo- 
couple whose  electromotive  force  is  to  be  determined, 
both  acting  as  shown  in  the  figure,  C  a  Weber's  com- 
mntator  (employed  for  reasons  given  below),  0  the 
galvanoscope.  Let  tbe  resistance  of  the  branch  ab 
'"^' "iT'^ui'^''  "^  berepre8entedbya;,thatof  thebrancha£6by  W+fc, 
where  W  represents  tbe  large  resLStance  of  a  rheostat 
interposed,  k  that  of  the  remainder  of  the  branch  (about  eqnal  to  1 
Siemens'  anit)  inclading  E.    When  the  current  in  Q  is  zero  we  have, 


=10  S.  U.),  in  comparison  with  W+k+x  (20,000  Siemens'  units),  I  may 
with  sufficient  approximation,  put 

E 

the  experimental  accuracy  attainable  allowing  me  to  neglect  (k  +  x)  in 
comparison  with  W.  In  the  experiments  the  branch  ab  was  a  small 
Siemens'  rheostat. 

The  precise  moment  at  which  the  current  in  the  galvanoscope  is  zero 
ean  be  best  determined  by  observing  whether  the  needle  on  closing  and 
opening  the  circuit  remains  at  rest.  This,  however,  is  only  possible 
when  the  opposed  currents  ftYim  e  and  U  which  pass  through  the  gal- 
vanoscope are  closed  simultaneously.    To  accomplish  this  the  little 

i«<MonaMi] :  S.  Denksch.  d.  Bcbw.  Geeellach.  (8),  XIV,  pp.  1-90,  11)55. 
">Chwolaon:  Md.  Pbya.de  St.  P^tersbonrg.X, p.  379, 1B77.    SeealMCul'sBepert., 
XIV,  p.  15,  1878. 

iMKohlrausoh  and  AmiTnLnTi ;  Pogg.  Ann.,  CXLI,  p.  450,  1970. 
(800) 

u,j„,:^..„  Google 


APPENim.  209 

caps  at  the  end  oi'  the  rodB  1  and  2  of  the  commutator  were  qnlte  filled 
with  mercury,  tliose'of  3  and  4  only  partially.  By  this  device,  on  clos- 
iae,  Ci  and  d  are  first  brought  into  contact,  and  the  curient  ECt  C\ 
ha  WE,  not  pattsiog  through  the  galvanometer,  comes  into  action ;  in  the 
nest  moment  (Oi  and  C*  being  joined)  the  current  from  e  and  the  par- 
tial current  firom  E  referred  to  are  closed  simultaneously.  In  this  way 
ulso  iuductiou-earrenta  which  may  possibly  be  generated  in  the  rheostat, 
are  without  disturbing  effect.  The  commutator  merely  serves  the  pur- 
pose of  a  double  key. 

As  the  electromotive  forces  to  be  measured  were  all  very  small,  tho 
large  resistance  Wcould  be  left  unaltered,  po  t'b&l  e  =  const,  x.  Now, 
the  resistance  x  was  so  chosen  that  the  intensity  of  th'e  current  from 
6  exceeded  that  of  the  partial  curreut  from  E  by  the  minimum  possible. 
The  thermo-electric  force,  however,  decreasing  with  the  temperature, 
T— f  =  T  of  the  ends,  a  moment  soon  arrives  at  whieli  the  intensities  of 
the  two  currents  are  equal,  and  tbedeilectiou  of  the  needle  =  0,  incon- 
seqaeuce.     At  this  point  the  thermometers  are  read  off. 

(b)  Description  of  thermoelement. — Instead  of  measuring  the  electro- 
motive force  of  soft  and  hard  steel  directly,  it  was  fonnd  expedient  to 
compare  all  the  rods  with  one  and  the  same  piece  of  copper  wire.  By 
this  means  the  apparatus  could  be  considerably  simplified  and  m«ny 
practical  difficulties  avoided.  The  construction  of  the  copper-steel 
uun[ile  is  giveu  in  vertical  section  in  Fig.  28, 

To  raise  the  ends  of  the  rod  to  different  teniperatares  two  doubly- 
tubulated  receivers,  each  about  10  ceuti- 
nietcrs  in  diameter,  were  used.    These,  held 
in  position  by  movable  supports  of  poorly- 
conducting  material,  and  so  placed  that  . 
the  tubulures  A  and  B  were  horizontal,  the  I 
other  two  vertical,  were  connected  by  a  ^ 
fl\ass  rod  cd  fitting  water-tight  in  the  per- 
forated corks  adapted   to  the  horizontal  ^'°-  "^-^'^)J^  "'  thetmi^ek- 
tnbulnres.    This  rod  served  a  double  pur- 

I>ose.  By  uniting  the  receivers  as  one  it  prevented  breakage  of  the  very 
biittle  steel  rods,  at  the  same  time  allowing  the  receiver  to  be  easily 
adjusted  and  removed ;  on  the  other  band  the  receivers  could  by  means 
of  it  be  placed  at  any  distance  apart,  this  being  necessary,  as  the  rods 
to  be  examined  were  of  very  different  lengths. 

On  one  side  of  the  glass  rod  the  copper  wires  which  acted  as  poles 
of  the  iustrnmeut  were  inserted  once  for  all ;  on  the  other  two  appro- 
priate boles  eervetl  for  the  introdnction  of  the  steel  rods  ga  to  be  tested. 
The  ends  of  the  latter  were  connected  with  the  corresponding  ends  of 
the  copper  wires  by  smnll  fiat  clamp-screws  of  brass. 

The  apparatus  being  thus  ready  for  experiment  the  two  receivers 
were  filled  with  distilled  vater  at  I^  and  i^,  respectively,  where  t  was 
so  chosen  as  to  differ  but  slightly  from  the  temperature  of  the  room. 
Bull,  i 14  ■  (801) 
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The  thermometers  (introdaced  through  the  vertical  tnbulures)  irere 
read  off  with  a  telescope  as  followa  :  The  deflection  of  the  needle  har- 
lag  become  very  Bmall,  t  was  determined,  after  which,  when  the  cnrrent 
ia  G  =  0,  T,  whereupon  another  check-reading  o£  t  wag  made.  Before 
each  observation  the  water  in  the  reoeivers  was  well  stirred. 

{c.)  Oalvanogeope. — The  galvanoscope  ased  was  a  very  delicate  inetm- 
ment  of  Sanerwald's,  provided  with  mirror  and  astatic  needle.  The 
deflection  of  the  Utter  was  read  off  with  telescope  and  scale.  As  the  tele- 
scope of  this  instrument  stood  side  by  side  with  the  telescope  for  the 
thermometers,  both  readings  coald  conveniently  be  made  by  the  same 
observer. 


5. — DETEHMINATION   OF  SPECIFIC   EESISTANGE. 

For  determining  the  specific  resistance  of  steel  rods  nse  was  made  of 
Wheatstone-Klrchhoff's  bridge.  An  appropriate'  commatator  allowed 
the  observer  to  exchange  the  unknown  resistances  without  altering  tite 
valne  of  those  belongiug  to  the  bridge  proper.  Thermo-electric  dis- 
turbances were  avoided  as  fUr  as  possible  by  closing  the  cnrrent  (1  Smee 
with  large  resistance)  only  for  very  short  intervals  of  time.  Finally 
they  were  eliminated  completely  by  replacing  the  hydro-electromotive 
force  by  Weber's  magneto-iudnctor.'*^  The  resistances  of  all  rods  were 
determined  in  terms  of  an  arbitrary  standard  6  (0.0312  Siemens  nnit 
at  0°),  cfaosen  to  correspond  in  magnitude  with  the  unknown  resistances. 
The  galvanometer  used  was  the  one  idready  mentioned  above. 

As  the  resistances  to  be  measured  were  all  very  small  (0.1  to  0.01 
Siemens  nnit),  great  core  bod  to  be  taken  to  exclude  all  disturbing  resist- 
ances due  to  insutScient  contact.  Soldering  could  not  be  resorted  to, 
as  it  was  believed  that  the  ends  would  thereby  be  annealed.  The  method 
adopted  was  as  follows :  The  ends  of  the  rods  having  been  well  cleansed 
were  covered  to  abont  1  centimeter  with  a  thin  adhesive  fllmof  galvan- 
ically  deposited  copper,  which  was  tberenpou  amalgamated  (easily  ac- 
complished by  plunging  the  freshly-covered  part  In  mercury).  The  rod 
thus  prepared  was  then  fixed  together  with  a  glass  rod  in  two  corks,  in 
a  manner  sidiilar  to  that  employed  in  the  case  of  the  tbermo-element, 
and  the  whole,  except  the  amalgamated  ends,  covered  with  a  thick  coat  of 
varaish.  Suitable  wooden  cups,  provided  with  horizontal  and  vertical 
apertures,  completed  the  connection  of  the  rods  with  the  respective  parts 
of  the  bridge  by  means  of  mercury. 

Tbeefficientleugthwas  determined  by  deducting  fh)m  the  total  length 
that  of  the  amalgamated  ends.    For  the  meosnrement  of  diameter  use 

loWeber:  Pogg.AnD.,CXLII,.p.4lej,  1871.  Tfaenaeof tbemagnetA-lDdactorinaos- 
nection  with  tbe  bridge  was  eaggeated  by  Kohliunsch.  This  physicist  also  abowed 
that  tbe  melbod  is  applicable  even  wben  Ihe  i«alBtancea  to  be  detonniaed  on  in  form 
of  eoUs,  tbe  extra  cmreiits  prodnced  being  calculable.  I  found  tbe  applioatioii  of 
great  eonvenieaoe,  inosiuDcb  as  the  observer  olwayshas  the  needle  of  adelioategolvA- 
nometer  completely  nnder  bis  control. 
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-was  made  of  the  microscope.  A  detenninatioD  of  this  dimension  from 
known  weight,  specific  gravity,  and  length  was  impracticable,  inaamach 
as  the  use  of  the  pycnometer,  which  alone  wonid  have  given  sufftoiently 
accnrate  results,  would  have  compelled  me  to  break  the  rods. 


6. — EXPEEIMENTAL  BE8DLTS. 

A.  Tha-mo-ekctric  hardnets  of  rods  suddenly  immersed  in  cold  water 
vhile  in  different  states  of  red  heai. — The  following  (older)  reenlt«  were 
obtained  directly  by  Ohm's  method.  Er  was  put  =  constant  r,  acoodition 
nearly  fulfilled  by  couples  of  soft  and  hard  steel  between  zero  and  80°,  in 
iFhich  case  T.  £.  H.  and  the  constant  of  proportionality  are  identical. 
The  rode  were  hardened  in  the  apparatus  described  in  §  2 ;  diameter  = 
O.0678  cm.;  the  numbers  preceded  by  the  point  (.)  were  afterwards 
checked  by  the  method  of  compensation.  T.  E.  H.  is  expressed  in 
Weber  x  Siemens  onits. 

The  third  column  of  the  following  table  contains  the  number  of  large 
£unsen  cells  employed  in  heating  the  wire,  the  fourth  the  observed  de- 
gree of  redness  at  the  time  of  sndden  cooling. 
Tabls  I. 


Vo. 

T.  B.  H. 

BuRHm 

K™«k. 

, 

«.0000«M 

O-OOOOOt 

«.  000000 

0.000000 

S!S 

O.OOOOH 

fSSS 

IS 

0.000004 

Son.  mded  (lowly  fmiiMd  h«t 
« 
Ipilteddwkred. 

Ignited  brfok  red. 

The  Bnnsen  cnpn  were  introduced  without  altering  the  remaining 
part  of  the  circuit.  The  length  of  the  wire  heated  was  not  in  all  oases 
the  same. 

B.  Further  thermo-electricdata.  aord«(ceI.— Thefollowingdetermina- 
tions  were  made  in  the  summer  of  1878;  temperature  of  the  room  very 
constant  and  at  about  20°,  this,  as  already  observed,  being  nearly  the 
same  as  t,  the  temperatnre  of  the  water  in  the  colder  receiver.  The 
method  of  compensation  was  employed  throughout.  The  determination 
of  T  was  effected  by  a  Oeissler  normal  thermometer  (graduated  in  0°.l), 
that  of  t  by  an  ordinary  instrument  (graduated  in  0°.3)  which  had,  how- 
ever, been  careflilly  compared  with  the  former. 

In  Tables  II  and  III  the  difference  of  temperature  of  the  ends  of  the 
steel  rod  is  given  under  r,the  corresponding  electromotive  force  for  the 
elements  copper-steel  ander  Bt;  a  and  fi  are  constants  which  satisfy 
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the  eqoatioD  Ej  =  07  —ftr*.  Tbese  were  calculated  by  first  comiiutiug 
their  approximate  values  out  of  two  distant  observatioDS,  anil  tbon  add- 
ing to  them  correctionB  deduced  from  five  of  the  most  satisfactory  a'> 
aervationa,  hy  the  method  of  least  aqoares. 

If,  now,  we  denote  hy  a  and  6  the  constants  of  an  element  soft-steel  nnd 
hard-steel,  corresponding  to  those  n,  /3,  a',  0'  of  the  same  rods,  wbeii  com- 
pared with  coi>per,  we  shall  hare,  since^r  =  aT—fiz*  and  E',  =  a'r  —  p'-:'. 

Bat  jBt— ^t'^B,,  the  electromotive  force  of  the  element  steel-steel; 
so  that,  since  also  E,=  ar  —  6t*, 

The  constants  a  and  h  are  given  io  the  last  two  columns,  a  mny  be 
regarded  as  numerically  equal  to  the  T.  E.  H.  above  defined,  as  B,  ie 
nearly  a  linear  function  of  r. 

Tablz  II.— £0 a  0.06T8  OMHmtitrt  thick. 


No. 

r 

ObHrred. 

■E, 

• 

fi 

m=.T.E.n. 

» 

1 
it) 

1 

is.<n 

25.W 

wist 

CM 

2S35 

SMI 
iS5B 

arai 

o.«n«T 

SMS 
SOU 

1 

0.00000017SB 

Ha 

■"! 

11 

0.MI8IG 

Et28 

0,(KH«(T 

E3U 

0.0001033 

0.0000001S3S 

aooooosi 

aofwwsw 

•IV 

WIS 

4&IKI 

«3.44 

o.wim 

i 

0.M10W 

22M 

9.000881 

1 

0.0O0OOOHHM 

0.0000400 

-O-O^WWOT 

-vj 

MTl 

[  0'«««"W 

aooooooiftta 

&0000555 

o,»««;« 

IS.  75 
4&M 

0.0O0TO8 

0,000700 

•TiJ 

181S 
3281 

mia 

O.O0ON6Ca 

0.  OOOOOOtSM 

0.0000005 

o.oMW«e 

.™i 

IB.M 
B8.40 

Bg.n 

•^T^ 
S 

izea 
:ii3 

D.  D0O038OT 

0.0000001520 

0.0000641 

0.00OD0IICH 

H 

81.1ft 

*a.« 

IS? 

loea 

1S13 

}.,»»» 

0.0000001879 

aoooosM 

O.OO0«»M.'4 

'IS- 

(^  000700 
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•noaledtfl  ditrk  reiliWM.  Ibcn  saddenlv  cooled;  "eUaH-bud." 
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■Heelfd  eaWnmcnllvtobrii^V-reilDeKi.  then  enilileDly  cooled;  "t;ln«a-bnnl." 
'Beaied  to  yellow-linltloii,  Iben  rnddouly  oooled ;  ■■-■---  ■---■" 
•  Ba>tedt«;eIlo«-'lgDilloD     '  ' '     "^ 
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Tabls  III.— CoA  2.«5  MiUiMt*-*  (Meit,  tempered  hg  Mr.  Barilt,  nwAoiiMait. 
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Ij  iflpitpd.  slowly  cooled. 


impeml  du-k  yellow. 


'Softf  gently  iflpitr... ., j , 

*Tcmpai«I  blun.  ^OtiM.bard, 

*  Tbia  rod  (aa  iloo  tbooe  of  ths  following  Motion  Cj  I*  Bltctn>ii*|^ie  « 

B'.  Specific  resistance  of  the  same  material. — The  foUowiuK  Tables  IV 
and  y  GODtaiD  the  specific  resistaDces  of  the  rods  already  cited  in  Tables 
II  and  III.  The  data  are  given  in  terms  of  mercury.  The  colnmn  8 
contains  the  total  specific  resistances,  ^St,  the  correapondiug  excess  of 
the  latter  over  that  of  the  Qorrnal  rod  I.    Uf  the  ratio  y=—=-j^  mention 

will  be  made  hereafter. 

Let  the  resistances  of  the  tvo  parte  of  the  first  branch  of  the  bridge, 
on  each  side  of  the  sliding  contact,  be  denoted  by  a  and  b;  let  the  re- 
sistances of  the  corresponding  parts  (thick  copper  wire)  of  the  second 
branch  of  the  bridge  he  denoted  by  K'  and  K".  Into  the  latter  the 
naknown  resistances  W  and  B  are  to  be  inserted,  respectively.  Finally, 
let  S  be  the  standard  of  comparison  above  referred  to,  in  terms  of  which 
W  and  B  are  to  be  measnred.  When  the  current  in  the  galvanometer 
is  zero,  we  shall  have  for  a  particalar  position  of  the  commutator: 

(1)  TF  and  .R  alone— 

a_  W+K' 
i~B+K" 

(2)  W  and  iS  with  6  on  the  right— 

a'_    W+K' 

(3)  W  and  JB  with  J  on  the  left— 

a"_  W+E+S 

V'~   B+S^ 

Three  similar  equations  may  also  be  derived  from  the  other  position  <tf 

(805) 
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tbe  oommatator,  as  only  W  and  B  are  interchaoged.    From  these  six 
eqaatioQS  we  deduce: 
First  position- 


Second  positiou — 


-T^  and  -^  were  determined  in  tbe  same  way  previons  to  the  experi- 
ments, and  their  valaes  checked  ih)m  time  to  time.  In  comparing  the 
resistances  / . . .  JXand  A  ...  J),  the  following  plan  was  observed: 


W:i 

I 

IV 

IT 

Tm 

vm 

I 

^•s.Krs"' 

B:t 

n 

n 

T 

vn 

IS 

IZ 

Each  of  tbe  data  is  therefore  derived  as  a  mean  of  fonr  determina- 
tions. Possible  heterogeneity  of  the  wire  a+b  thus  becomes  less 
effective. 

As  an  example,  1  will  add  results  obtained  for  tbe  rod  C  (resists 
0.0051  Siemens  nnita): 


Comp»»d  wtth  1  ConpB»d  with 

'="'*?""' 

id-,KtS:;:::^ 

ir:t= 

UlWI.. 

o:  1830  1             ciias! 

!!:!£: 

0.1B3e                     0.1H3 

"■"" 

For  the  rod  I  (resistance =0.0S42  Siemens  nnits)  on  dif^rent  occasions, 
1.735  and  1.741  were  foand  for  W:  S. 

As  will  be  seen,  the  principal  stress  was  pat  on  relative  values  of  the 
resistances.  To  facilitate  orientation,  however,  tbe  resalta  were  ap- 
proximately reduced  to  Siemens  units  by  determining  the  standard  8 
in  that  denomination. 

Assnming  the  coefficient  for  temperature  for  steel  to  be  the  same  as 
that  for  copper,  tbe  results  obtained  will  be  good  for  0°0  directly,  6 
having  been  previously  reduced.  Although  this  is  only  approximately 
true,  the  influence  of  this  difficulty  on  the  relative  values  of  the  resist- 
ances wUl  be  but  slight,  as  the  temperature  of  tbe  room  remained 
nearly  constant. 


(*06) 


mzec^vGoOgle 


APPENDIX. 
Table  IV. 


215 


Ho. 

BMtalUH. 

* 

&A 

AS, 

, 

0  13S1 

•IX.. 

•d  by  using  ibe  nugnclo-likdnotOT  m 


Ho. 

s 

Afi^ 

T.B.H. 

1 

A 

0.00912 
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o-ona 

IB 

2SM 
2M0 

s 

The  experiments  now  following,  under  the  heads  C  and  7>,  have  more 
a  deBCriptive  character  than  one  of  precise  meaanreiueDt;  the  results 
are  therefore  given  with  one  decimal  less.  For  the  determiuatiou  of 
T.E.H.  the  rods  coming  under  these  heads  wei-e  compared  indirectly 
with  rod  VIU  (Table  II)  for  the  T.  E.  H.,  of  which  the  number  0.000069 
(as  above  found)  was  assumed. 

G.  T.  E.  H.,  aad  ASa  for  gUus-hari  rods,  diameter=2M  milUmelers.^ 
These  were  hardened  by  the  aid  of  the  blast  lamp.  The  flame  of  the 
latter  was  fur  this  purpose  directed  horizontally  and  placed  directly 
over  a  trough  containing  cold  water.  In  this  way  the  red-hot  rod  could 
be  transferred  with  great  rapidity  out  of  the  flame  into  the  water. 

Table  VI. 


Ho. 

T.B.M. 
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Ignlud  y«no«ruid  ohilled. 

U3 

0.U3 
O.SH 
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O.HW 
0.230 
O.SM 

MOO 
2200 

i).  T.  E.  H.  and  ASr,  of  rods  0.C78  millimeter  in  diameter,  hardened'* 
in  the  apparatus §2,  afterwards  ann^dfeiJ  by  immersion  in  hot  linseed  oil. 

■"The  T.E.H.  of  tbeae  roUa  iu  tUe  ([laiis-tiiird  cunditiou  varied  from  ^U:  10°  tol]0:10°. 
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Table  VIT. 
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£!,  Corroborative  measurementg. — The  resiataiices  thns  far  det«rmiiie<1 
beine  very  small,  it  was  feared  that  in  Bpite  of  thft  coutiuiiity  atipareDt 
in  their  variation,  errortt  from  iiisufflcient  contact  might  have  conspired 
in  prodnciug  illusory  resaUs.  For  these  reasons  check -exppri  in  eiitA 
with  longer  wires  were  made,  the  resistance  of  some  of  which  (1  to  V) 
is  sufficiently  great  to  admit  of  direct  comparison  with  the  Siemens 
mercury  unit  (6talon).  To  insure  a  more  homogeneous  hardening,  thft<<^ 
wires  were  spirally  wrapped  aroand  a  round  stick  of  wood,  sud  the 
length  and  diameter  of  the  coils  reanltiug  so  determined  that  the  whole 
daring  the  process  of  beating  could  be  bronght  within  the  mnotle  of  the 
blast-flame.    Id  other  respects  the  method  given  under  G  was  pursued. 

Tablb  VIII. 


No. 

tauM. 

Lmglh. 

Diam. 
Bter. 
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ikS>    '                                 Ramuii 

^1 

MS 

moo 

OIBB 

028 

733 
TS2 

1.10 

2;  IS 

11; 

Si 

K5 

a.i:<    IgnltNl  yellow,  Uien  enddeoly  cooM. 

Mfl  '    |piltrf'r<.dT  thenraddcDlycoolrJ. 
235     Ignited  licht  ydlon  ;  (hcD  fiuadcolT  eooled. 
218       KDLt*d  r*-yflllow :  lh»n  .iiddcnlv  cooled. 
m      mlUd  red-ycllDw  i  bat  end*  dnrber. 
210      inltod  nd-yellow ,  Iben  euJJetily  coaled. 

Spirals  II  and  rv  were  afterwards  softened  by  heating  to  redness  tu  a 
Bunsen  burner.    Their  specific  resistance  in  this  condition  was  found 

•II.  Si=0.t54  "IT.  iS;=0.159 

Finally,  in  order  to  compare  the  results  obtained  with  induction  cur- 
rents with  those  in  which  a  Smee  element  was  employed,  certain  of  tbe 
experiments  were  repeated.    The  agreement  was  entirely  satisfiictory. 
(808) 
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7. — HARDNESS  AND  THEBMO-ELEOTEIC  PB0PEBTIE8  OF  STEEL:    DE- 
DDCTI0N8  AND  SDPPLEMENTAEY  EXPBEIMENTS. 

(a)  Thermo  eUclric  and  mechanical  hardnest. — From  the  data  coa- 
tained  in  Tables  II,  III,  aud  VII,  we  derive  that  the  thermo-electric 
IMwitiou  of  steel  progresses  continuously  with  it«  degree  of  bardaesB, 
or,  in  other  words,  thermo-electric  and  mechanical  hardness  aru  direct 
functions  one  of  another. 

This  statement  itivolvea  the  assumption  that  the  rod  cannot  pass 
from  the  glass-hard  (maximam)  to  the  Boft  state  (minimom)  without 
passing  through  every  intermediate  stage;  or  that  by  proper  methods 
of  annealing,  every  state  between  the  maximum  and  mtoimnm  can  be 
produced.    This,  I  dare  say,  will  generally  be  admitted. 

Am  of  further  interest  I  may  add:  (1)  thnt  rode  cnt  from  the  same 
wire  and  glass-hardenetl  in  the  same  way  possess  also  the  same  thermO' 
electi'ic  hardness  (Table  YI) ;  (2)  this  ia  the  ca»e  evun  when  tbe  rods 
are  carefully  rehardened  (rods  [III]',  [V]',  Table  VI};  (3)  that  if  we 
start  from  liko  maxima,  tho  thcniio- current  always  passe-s  Irom  less  to 
more  annealed,  through  warm,  (The  direetiou  of  the  current  was  inde- 
pendently observed.) 

(If)  Variation  of  T.  E.  H.  with  differences  of  material  and  of  thickness. — 
From  an  examination  of  the  data  obtained  for  different  material,  we 
iufer  that  the  T.  E.  H.  of  soft  aud  similarly  annealed  rods  approximates 
to  the  same  valne;'"  that  the  value  of  this  constant  for  glass-hard  rods 
is  remarkably  different.  Tbe  rods  in  Table  VI,  for  Instance,  possess  a 
T.  E.  B.  arnonnting  nearly  to  140:10^;  vbereas  in  thenxis  in  Table  II 
the  maximum'"  value  found  does  not  exceed  70:  lO".  This  may  be  due 
to  a  difference  iu  thickness,  or,  more  probably,  to  a  difference  in  tbe  com- 
positiou  of  the  rods  examined. 

These  phenomena  were  further  studied  through  the  following  experi- 
ments: 

1.  Commercial  rods  of  different  diamotei-s  were  ghisB-hardened  iUid 
examined  with  reference  to  tbe  cnrrent  produced  when  one  end  of  a 
couple  was  cooled  with  a  wedge  shaped  piece  of  ice.  In  general  a 
maximum  of  T.  B.  H.  was  observed  in  rods  whose  diameters  hiy  between 
1  and  2  millimeters.  These  experiments,  however,  are  unsatisfactory, 
inasmuch  as  tbe  composition  of  the  rods  enters  ns  an  element  of  dis- 

■*'In  order  to  compars  the  degree  of  hurdDeae  correepondiug  to  a  particular  oxide 
tint  with  that  correBpondiug  to  a  giveu  temperatnre  of  tlie  oil  batli,  use  wss  made  of 
tUe  tables  found  in  Frick'a  FliyHikal.  Technik,  3  ed.,  p.  377;  aleoWugner,  Cbtiiu. 
Tech.,  8  ed.,  p.  2B.  On  the  anthority  of  tlieee  -works  SaC^  correapondB  to  yellow,  2'JO'' 
to  bine,  annealed.  We  shonid  therefare  expect  rods  6,  7,  and  3.  9  (Table  Vll)  to 
agree  with  the  rods  C  and  B  (Table  III)  respei^tively.    This  is  Buffitieotly  thu  cose. 

""These  rode  (Table  II),  even  when  heat«d  to  the  utmost  white  and  snddenl;'  cooI>:d, 
remained  strongly  electro- positive  towards  copper.     T.  E.  H.,  even  in  this  e: 
.  CMC,  was  much  less  than  tOT:=10°. 
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turbance  \Tbicb  canuot  be  allowed  for.  For  tbis  reason  experimente 
were  made  on  thick  bars,  the  parts  of  which  bad  been  filed  to  different 
diameters. 

2.  The  halves  of  each  of  two  pieces  cut  from  the  same  rod,  5  millime- 
ters in  diameter,  werereduced™  by  filing  to  thicknesses  of  3  millimeters 
and  1  millimeter,  reapectively,  and  glaes-bardened.  Dnring  the  proc- 
ess of  beating  care  was  taken  to  raiee  all  parts  of  the  bars  to  the  same 
degree  of  reilness.  On  connecting  the  ends  with  the  galvanometer  iind 
applying  the  ice  wedge  at  the  middle  (where  the  diameter  enlarged), 
very  decided  currents  were  observed,  passing  from  thin  to  thick  tbrough 
warm.  Hereupon  two  cones  were  filed  of  the  uiime  material  (5  milli- 
meteni  thick  at  base  and  60  millimeters  long).  Point  and  base  of  the 
cones  (previously  glass-bardAied)  being  connected  with  the  gah-ano- 
scope,  the  ice  wcdfre  applied  at  any  point  produced  in  encli  case  currents 
from  apex  to  base  through  warm,  thus  harmonizing  with  tlie  previous 
experiments.  Near  the  points  only  the  results  became  nncertain.  Oii 
bringing  together  the  cones  with  the  rod  [IV]  (Table  VI)  the  points 
wcie  found  to  be  thermo-electrically  harder,  the  base  softer  than  the 
rod.  On  the  other  band,  the  point  of  a  fine  needle  prepared  from  the 
same  material  gave  contrary  indications.  The  point,  therefore,  was 
apparently  softer  than  rod  IV. 

3.  B'^innlly  two  very  gradually  tapering  cones  were  prepared  from 
another  steel  rod,  2.8  millimeters  in  diameter.  Connection  with  the 
galvanometer  being  made,  the  application  of  the  ice  wedge  to  |>arta 
near  the  base  generated  a  current  from  thin  to  thick  through  wurm  ;  to 
{>arts  near  the  apex,  a  curreut  in  the  opposite  directiou.  Finally,  be- 
tween these  a  position  was  found  at  which  the  application  of  the  ice 
wedge  produced  no  eurrent  at  all.  This  occurred  at  parts  abont  .5 
millimeters  in  diameter.    The  other  cone  gave  like  results. 

i.  When  the  bases  of  two  similar  cones  of  the  same  materials  are 
connected  with  the  galvanometer  and  their  apices  brought  in  contact, 
upon  warming  the  latter,  a  current  in  one  direction  or  another  will  be 
produced;  this  from  the  fact  that  the  points  are  rai-ely  eqnally  hard. 
Experiment  shows  tliat  by  consecutively  warming  parts  which  lie  sym- 
metrically to  the  right  and  left  of  the  apices  in  contact,  currents  in  op- 
posite directions  are  the  etiVct.  Herefrom  it  follows  that  the  currents 
originate  each  in  a  single  cone.*"* 

S.  Ill  endeavoring  to  generalize  from  these  experiments,  attention 
mnst  be  paid  to  the  following  points :  a,  the  maximnm  value  of  T.  E.  H. 
attainable  is  dependent  on  the  quantity  of  carbon  contained  in  the 
steel.    The  thenno-electric  difference  between  rods  of  soft  and  suil- 

I"  It  in  10  be  obscivcd  that  tbe  thinner  parts  of  t  bese  )iieci>B  (woimrMTive  ftt  red  beat 
and  reiiiaiu  louger  iii  lliia  coudilioii  tbnn  the  tbivker  parts.  Tbis  npplits  equally  to 
tbe  coues. 

"Tbeesporiinenta  with  two  sepnrutecniiPB  were  eqnally  iincceufnl  when  tbe  con- 
ical foriDB  were  oalj  part  of  tbe  sauie  contioiionx  jiivce.  ^ 
(810) 
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deuly  cooled  wroacht  iroa  cau,  for  inataoce,  be  neglected  in  comparison 
witb  thticorrespoDdiog  difference  between  hard  audsoft  steel.  i,T.E.II. 
id  inflaenced  by  the  temperatare  of  the  rod  vrbeo  suddenly  chilled  (VII  c), 
Its  well  as  by  the  time  of  heating,  the  latter  affecting  the  compoaitiou. 
e.  By  the  form  of  the  piece  of  steel  and  the  method  of  sadden  cooling, 
the  internal  strnctore  of  the  mass  being  thereby  modified  (VII  d). 
i.  Finally,  we  might  add  tiiat,  in  the  time  elapsing  between  the  removal 
of  the  rod  out  of  the  fire  and  the  snbsequent  iuimereiou,  the  loss  of 
heat  by  radiation  will  be  relatively  greater  in  the  case  of  tbio  than  in 
the  caae  of  thick  rods.*"'  With  these  facts  in  mind  we  may  conclnde 
that  the  mazimom  valnea  of  T.  E.  H.  attainable  by  glassbardening 
rods  of  the  same  composition  increases  as  thickness  diminishea;  that 
OS  this  dimension  coutinaes  to  decrease  n  diameter  is  reached  at  which 
the  negative  effects  of  decarbarizatiou  are  equal  and  finally  overcome 
by  tbe  positive  effects  due  to  diminution  of  diameter. 

(c)  Effect  of  the  ten^eraturc  from  which  iteet  ia  awMeit/y  oooJed  in  hard- 
neu.  Chtmical  and  mechanical  hardtutg. — Frum  the  results  contained  in 
Table  I  there  follows :  The  hardness  of  steel  does  not  increase  con- 
tianoosly  with  its  teuiperutnre  at  the  moment  of  sadden  cooling,  but 
at  a  point  tu  dark  red  beat  the  glass-bard  state  is  suddenly  attained. 
From  this  i>oiDt  on,  however,  the  degree  of  glmtshardness  (measnied  elec- 
trically) continues  to  increase  witb  tbe  temperature.  This  observation 
conduces  to  the  conclusion  that  tbe  change  of  state  due  to  glass-hard- 
euiu^  is  chemical  in  its  nature,  lu  this  opinion,  I  believe,  most  cfaem- 
ists  at  present  also  concur,  it  Imng  assumed  that  the  uncombined 
carbon  in  soft  steel  is,  by  sudden  immersion,  converted  into  the  chem- 
ically combined.  In  summing  up  the  facts  by  which  tbe  hypotbeiils  is 
furthermore  supported,  I  will  mention  in  the  first  place  the  detailed 
analogy*"  which  exists  between  the  white  pig  (used  in  tbe  manufacture 
of  Bessemer  steel)  and  glass-hard  xteel,  on  the  one  hand,  and.  ordinary 
(gnty)  cast-iron  and  soft  steel  on  the  other;  the  former  eoutaiuiug 
carbon  only  in  the  combined,  the  latter  also  iu  considerable  proportion 
in  tbe  uucombined,  state.  Secondly,  hardening  by  a  process  of  wire- 
pulling, hammering,  etc,  will,  in  all  probability  increase  tbe  specific 
gravity  of  steel;  hardening  by  sndden  cooling,  aa  is  well  known,  di- 


"  I  will  add  here  (18d4j  that  anotber  iiosnibla  soorcB  of  uttot  wsb  overlooked  in  Ibe 
above.  I  refer  to  tbe  eleetro-motive, force  of  8i))ierflci»l  Iftyera  in  cdho  of  loose  cod- 
tiacte,  M  ioTntigftted  by  Fraoi  (Pogg.  Ann.,  LXXXV,  p.  388,  16.i2),  Jenbia  (Rep. 
Br.  AMoe.,  1861,  (3),  p.  3*),  Oang*iu  (C.  B.,  XXXVI,  p.  G12-1B,  1B.S3,  Ann.  de  Cbim. 
at  de  PhjH.  <3}.  LXV,  p.  75-102,  1862)  und  others.  But  I  feel  contlileiit  that  tboM 
pbenomena  ore  not  contained  in  the  above  :  I,  because  loose  oontiuitn  wnro  avoiiW; 
!,  tbe  metala  were  aliraTD  brigbt  aD<l  poliebe<];  3,  tbe  results  were  tbo  mime  trbtm 
diffen-nce  m  dianieler  (double  cone)  ocenrred  in  one  nnd  tbe  game  eontinnouR  piece 
ofstei'l;  4,  (row  Uie  variety  of  esix-rimcntH  made  nud  tbeiiniformity  of  tbe  results 
obiained. 

="S«e  Wopier:  Cbero.Tcch,.8ecl.,  pp.  14, 15,  S9.  Tbcae  anaii^iearefi'i'tumucbau- 
ical  properties,  method  uf  |ireparatioD,  color. 
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minishes  it.  In  the  former  case  the  thermo-electric  curreDt  UBoally 
passes  Irom  soft  to  bard  through  wann;"°  ia  the  latter,  in  the  coutraiy 
direction.  In  drawn  wire  the  specific  resiatanoe  is  smaller,""  in  hard 
tempered  greater  than  that  of  the  same  wire  in  the  soft  state. 

Considering  these  facts  as  n  vrhole,  we  are  perhaps  Jostified  in  dis- 
tinguishing between  a  process  of  chemical  and  a  process  of  niecbanical 
hardening.  This,  however,  does  not  prevent  ns  from  paying  due  regard 
to  a  series  of  physical  phenomena  which  accompany  the  former.  To 
these  the  peculiar  internal  strnctnre  of  glass-hard  bars,  the  warping 
which  frequently  attends  sudden  cooling,  etc.,  are  to  be  referred.  We 
conclude,  tberefore,  that  the  cause  chiefly  influential  in  bringing  about 
glassbardness  iu  steel  is  chemical  in  its  nature,  and  that,  in  consequence 
of  the  physical  phenomena  which  invariably  accompany  it,  the  degree 
of  glassharduess  is  more  or  less  modified.  On  the  latter  ground  tire 
continual  increase  of  the  T.  E.  H.  after  the  critical  temperature  above 
referred  to  has  been  reached  is  to  be  explained. 

(d)  The  observed  T.  E.  H.  can,  of  course,  only  be  assumed  as  directly 
expressive  of  its  hardness  when  the  rod  nndcr  experiment  is  homo- 
geneous throughout.  In  thick  bars,  which  in  the  glass-hard  state  nay 
be  considered  as  made  up  of  a  series  of  concentric  cylindrical  shells,  tlie 
hardness  of  which  decreases  rapidly  as  n-e  pass  from  the  exterior  to  tbe 
interior,  the  circumstances  become  more  complicated. 

Fortbormore,  suppose  the  ends  of  a  thick  glass-hard  cylinder  to  be 
kept  at  temperatures  Tand  ( {T>t).  In  this  case,  since  each  of  the 
infinitely  thin  cylind  rical  shells  has  a  particular  T.  E.  H.  corresponding 
to  its  hardness,  we  are  led  to  iuter  that  thermo-cnrrents,  closing  them- 
selves in  the  interior  of  the  cylinder,  are  the  result — tbe  direction  of 
these  in  tbe  outer  harder  parts  being  from  t  to  T,  in  tbe  inner  from  7  to 
t.  In  figure  29  (vertical  section)  tbe  hypothetical  condition  of  the  cyl- 
inder in  this  case  is  indicated,  As  will  be  seen,  its 
'    ^  electrical  state  corresponds  to  that  of  a  rod  circniariy 

magnetized. 

For  the  pnrpose  of  studying  this  question  experi- 
mentally, a  steel  cylinder,  30  millimeters  iu  diameter 
and  50  millimeters  long,  was  turned  and  glass-hardened. 
This  was  placed  vertically  directly  before  the  needle  of 
a  magnetometer  {the  defiection  of  wliich  could  be  read 
- '-- '  cva]*«ii  in  ft  off  with  tcloBcope  and  scaJe)  in  such  a  manner  thi^  the 
position  of  eqmlibrium  of  the  needle  was  left  unaltered. 
The  relative  position  of  the  needle  and  cylinder,  in  other  words,  was  such 
that  the  axis  of  tbe  former,  if  prolonged,  would  Intersect  the  axis  of 
the  latter  if  prolonged  at  its  middle  point.    Upon  now  cooling  the 

noMagDDB:  Fogg.  Add.,  LXXXIII,  p.  469,  1851 ;  8ir  W.  ThomMn,  Pbil.  Trana.,  Ill, 
p.  722,  1856. 

^MonsBOniN.  Deokschi.  d.  Schwz.  Geaell.,  XIV,  6,  p.  1-90  j  Chnobou:  Carl's  Rep.. 
XIV,  p.  15. 
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upper  cod  of  th«  cflioder  with  a  piece  of  ice,  or  wnnDing  by  project- 
in;;  a  Jet  of  steam  against  it,  very  decided  deflections  Trere  observed 
toward  the  right  or  left,  respecthely,  irhich  increased  vit)i  the  difference 
of  temperatare  T—t,  and  Tanlrthed  as  this  dilference  became  nit. 

As  the  cylinder  was  not  mngnetic,  it  is  improbable  that  these  pbe- 
noinena  can  be  referred  to  a  cliange  in  the  state  of  magnetic  distribn- 
tion.  With  leferenoe  to  the  direction  of  the  curronta,  however,  do  sim- 
ple reMilts  conld  be  arrived  at. 

(e).  Relattve  tkermo-eleetric  qvalitiea  of  sofi  tteet  and  toft  iroH. — In  $  7, 
c,  we  ascribed  the  very  high  valne  of  the  T.  E.  11.  of  a  glass-hard  steel 
rod  to  the  Inrge  proportion  of  chemically  combined  carbon  contained 
therein.  If  this  be  tme,  the  thermo-electric  difference  lietween  soft 
steel  and  soft  iron,  in  both  of  which  combined  carbon  is  either  wholly 
absent  or  exists  only  in  traces,  mnut  be  qnite  small.  This  inference  is 
snpported  by  the  data  actnally  found  for  soft  iron.  Making  allowance 
for  the  diflTerence  of  circnmstanceH  involvetl,  the  result  to  be  derived 
from  the  experiments  of  Kohlrannch  and  Ammann  bIso  n^rrees  snfflciently 
herewith. 

On  the  other  hand,  Jonle"*  has  long  since  shown  that  otdinary  cast- 
iron  is  thermo-electricfllly  negative  towards  copper,  all  the  jnore, there- 
fore, towards  soft  steel — a  result  which  I  should  be  inclined  to  predict 
from  the  qnantity  of  combined  carbon  contained. 

The  minimnm  valoesof  T.  E.  H.  (obtained  by  cooling  the  retlhotbar 
as  slowly  as  possible)  of  different  kinds  of  steel***  and  of  soft  iron  are 
approximately  the  same ;  whereas  the  masimnm  values  of  this  constant 
(obtained  by  cooling  the  highly  heated  bar  as  rapidly  as  possible)  differ 
enomionsly ;  this  diflferenee  being  a  direct  function  of  the  quantity  of 
carbon  contained. 

(/)  Thermo-de^rie  effect  of  woffnetization. — Sir  William  ThomBon**'faa8 
shown  that  in  a  thermo  element,  consisting  of  magnetized  and  nnmag- 
netised  steel  of  the  same  hardness  and  form,  thermo-currents  dne  only 
to  magnetic  difference  are  generated.  The  direction  of  these  curi'enta 
was  fonnd  to  be  in  one  case  fVom  unmagnetized  to  longitndinally  mag- 
netised through  warm,  in  another  fhim' transversely  magnetized  to  nn- 
oi.igDetized  through  warm,  therefore  also  firom  transversely  to  longitu- 
diuaUy  magnetized  through  warm. 

For  the  purpose  of  informing  myself  of  the  magnitade  of  the  thermo- 
ebKitric  difference  thus  produced,  the  following  experiment  was  made : 
A  soft  rod  (I,  Table  II)  was  tested  for  it«  electro  motive  force  when 
combined  with  copper  (as  described  above,  p.  348),  and  the  locua  of  the 

-■«  Jonlo :  Phil.  M«g.  (4),  XV,  pp.  538-'39,  1857. 

""Steel  iabereTiaed  asdintiiigiiiilied  from  iron  onlyby  containing  a  jtrrnter  propor- 
tion or  carbon.  No  attention  hta  been  paid  in  this  paper  to  theeffect«of  P,  B,  8i,  Hn, 
rtc,  ao  often  preaent  in  bo(b. 

"Thomson:  Phil.  Trans.  Ill,  pp.  TSZ-T,  18M. 
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eqaation  Ezsnar — /?t*  coDBtmcted  from  fifteen  very  carefolly  made 
observations, 

HereapoQ  a  large  inagaetic  battery,  weighing  40  poands,  was  ao  placed 
that  each  of  the  ends  of  the  horseshoe  toacfaed  a  receiver.  The  distance 
between  thepolesof  tbe  magnet  and  the  coirespondingends  of  the  steel 
rod  was  thus  aboat  50  millimeters.  A  second  series  of  fifteen  observa- 
tions was  now  made.  Upon  comparing  the  locus  of  the  latter  with  that 
that  of  the  former,  the  two  curves  coincided  so  completely  that  no  in- 
flaence  could  be  discerned. 

Herefrom  I  conclnde  that  the  thermo-electric  effect  dae  to  difference 
of  magnetic  state  may,  in  comparison  with  that  which  can  be  produced 
by  a  dlfTerence  of  hardness,  be  completely  neglected. 

[g)  Relation  between  T.  E.  H.  and  dmsity  of  steel. — A  very  cnrions  anal- 
ogy was  found  in  comparing  the  results  at  which  Fromme"*  arrived,  in 
Btadying  the  specific  gravity  of  ditfereutly  tempered  steel,  with  the  T. 
E.  H.  of  similar  rods  as  found  in  my  experiments.  Br.  Fromme,  if  I 
infer  correctly,  limited  his  experiments  to  rods  whose  diameter  was 
greater  than  2  millimeters,  and  less  than  7  millimeters.  His  results  are 
contained  in  the  following  table,  the  volume  of  the  soft  bar  being  pnt  = 
anity.         j 

Table  IX. 


Tolom*     Z^^X    '  ■'■^■^ 

1.000          0,000     >.ooo«ifl 
ilow     1      oioio       o!  000 117 

GiThiSt"""'-'" 

In  the  fourth  column  the  T.  £.  H.  of  rods  cited  in  Table  III.  (these, 
as  I  believe,  corresponding  very  closely  to  those  for  which  the  data  of 
Fromme  apply)  is  added.  If  we  take  iuto  consideration  that  the  re- 
sults were  obtained  from  different  material,  the  parallelism  observable 
is  striking.  To  the  very  large  difference  between  glass-hard  and  yel- 
low annealed,  when  compared  with  the  much  smaller  difference  be- 
tween yellow  and  blue,  blue  aiid  soft,  as  seen  iu  both  observations,  I 
would  once  more  call  attention.  The  fact  that  glass  bard  rods  can  be 
considerably  annealed  at  comparatively  low  tempeartures  must  be  re- 
garded as  an  adequate  indication  of  their  unnatural  (strained)  condition. 

A  second  result  of  Fromme,  that  the  specific  gravity  of  thin  rods 
suffers  greater  loss  by  glass-hardening  than  that  of  thick  rods,  also 
harmonizes  with  the  conclusions  drawn  in  §  7  (6)  with  reference  to  the 
T.  E.  H.  of  such  rods. 

""Fromme:  Gottlog.    Nachr.  p.  165, 1678. 
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8. — HARDNESS  AND  SPECIFIC  EE81STANCE  OF  STEEL:   DEDUCTIONS 

From  tlie  data  for  tbe  epecific  resietauce  of  rods  of  different  hardoess 
inferences  analogoaa  to  the  above  may  be  dedaced. 

(a)  The  specific  resistance  of  steel  increasea  continuously  with  its 
mechanical  hardness. 

{b)  Bods  like  annealed  differ  but  slightly,  glass-bard  rods  considera- 
bly, with  respect  to  their  specitic  resiBtance. 

(c)  Relation  between  the  thermoelectric  hardness  and  the  specific  resistance 
of  steel. — On  comparing  tbe  valaes  found  for  tbe  ratio  ^  iSnXT.E.  H.,  we 
infer  that  the  specific  resistance  of  steel  is  approximately  a  linear  func- 
tion of  its  tbermo-electric  hardness.  In  Fig.  30  these  results  are  graph- 
ically represented. 

I  will  remark,  however,  that  the  assumption  of  proportionality  as 
based  on  the  above  figures  is  to  be  regarded  as  a  first  approximation 
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only,  notwithstandiog  the  fact  that  the  discrepancies  fall  within  tbe 
errors  of  experiment.  A  rigid  discussion  of  the  latter  comes  more  ap- 
propriately within  the  Bcojie  of  another  paper  soon  to  nppear.  In  this 
place  I  would  ouly  call  attention  to  tbe  following :  In  the  thick  bars 
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experimented  upon  the  value  of  J  So/T.  E.  H.  is  usnally  too  large;  a 
fact  which  is  easily  acconiited  for,  as  the  unavoidable  resistances  of 
contact  above  referred  to  will  ia  this  case  have  a  relatively  great  effect, 
the  resistances  of  the  bars  themselves  being  very  small.  In  the  rods 
included  in  Table  VI  it  was  impossible  to  secure  uniform  redness  of 
if^ition  throngbont ;  the  ends  invariably  remained  darker.  As  T.  E.  H. 
depends  principally  on  the  warm  end,  J  St,  however,  on  the  mean  hard- 
ness of  the  whole  bar,  we  have  thns  si  second  caase  for  an  overlarge 
ratio. 

So  much  I  think  to  have  fully  established,  that  T.  E,  H,  and  specific 
resistance  throughout  their  variations  are  very  simple  fanctious  one  of 
another.  T.  E.  H.  and  specific  resistance  must  therefore  be  looked 
upon  as  effects  of  the  same  caase,  as  phenomena  having  some  rery  inti- 
mate connection. 

(d)  Particular  attention  must  here  be  called  to  the  remarkable  resnit, 
that  the  specific  resistance  of  steel  can  by  a  process  of  glass-hardeniDg 
be  increased  to  nearly  three  times  its  valae  in  soft  steel.*°^  Ab  this  datum 
far  exceeds  that  determined  by  Monssou  (about  2.5  per  cent.],  it  is  not 
without  some  hesitation  that  I  make  it  public.  The  care  bestowed  on 
the  experio^nts,  however,  together  with  the  regularity  observed  in  the 
variation  oT  the  resnlts,  I  believe  sufficiently  insnre  their  correctness. 
See,  moreover,  5  6,  E.*" 

(e)  As  deserving  special  notice,  I  will  further  add  that  the  tbermo- 
current  always  passes  Ax>m  the  bar  with  greater  to  the  bar  with  less 
resistance.'"  The  few  exceptions  to  this  fact  in  the  tables  were  afto*- 
wards  found  to  be  referable  to  errors  of  experiment  by  direct  observa- 
tion. 

(/)  Like  T.  E.  H.,  so  also  the  specific  resistance  of  steel  approximates 
to  the  value  of  this  constant  for  soft  iron.    Ujwn  the  value  fonnd  fbr 

""It  ii  to  be  obaeived,  howsTer,  that  tlie  difference  between  the  specific  reaistance 
of  steel  in  the  soft  tuid  hard  states  is  dependent  on  tlie  composittoD,  increasing  with 
the  quality  of  cnrbon  coataiaed  fVom  a  very  Bmall  valm  in  soft  iiou  to  tlie  very 
larse  Tolne  above  annonnoed  for  steel, 

'"^Chwobon  reporte  tbe  incrsose  of  reaistunce  due  to  glaaa-hardening  to  be  only  0.6 
pet  cent.  This  1  can  only  explain  b;  supposing  the  resnlte  of  this  obaerver  to  hsve 
been  obtained  with  wires  suddenly  cooled  at  a  tcmperatnre  below  that  referred  to  in 
i  7  Cc). 

"'  I  would  here  again  refer  to  the  fact  that,  according  to  Magnus,  Tbomson,  and 
MouBSon,  drawn-Bteel  wire  and  hard-tempered  atoel  are  on  opposite  sides  of  soft  stael, 
both  with  respect  to  their  thermo-electric  properties  and  their  specific  resiataiioe. 
Thomson  furthermore  finds  transversely  magnetised  steel  electro-negative  towards 
soft  steel,  this  again  towards  longitudinally  magnetized  steel.  Aiierboch  (Wied. 
Ann.,  V,  p.  316,  1S78),  annlogoosly,  that  the  spcciflc  resistance  of  hnrd  steel  coatinn- 
ously  increases  as  the  rod  posses  from  a  condition  of  saturated  longitodtnal  to  »  con- 
dition of  snturaUd  circular  magnetization.  The  resnit  aboTB  eaunoiated  ha«  there- 
fore probably  even  a  more  general  signification. 
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the  ratio  4  St/t.  E.  H.,  bowever,  not  mncli  reliance  caa  be  placed,  tbe 
foctors  inTolved  being  too  atnall  to  admit  of  accantte  determinatioD. 
With  east-iiXHi  bo  experimenta  were  made. 


9. — BEHASKS  ON  THE  ABOVE,  C0N8IDEBED  AS  AUXILIAKT  TO  THE 
DETEEHINATION  OF  THE  RELATION  BETWEEN  HARDNESS  AND  UAO- 
NETIC  MOMENT. 

In  thia  place  I  will  avail  myself  of  the  experiments  of  Baths  on  the 
relation  between  hardness  and  magnetic  moment,  these  being  perhaps 
the  most  comprehenaive.  With  sufficient  approximation  for  tbe  pur- 
pose I  will  put  the  T..E.  H.  of  glass-hard  rods  =  120 :  lO';  that  of  the 
yellow  annealed,  =  40 :  10* ;  of  the  blue,  =  20 :  10* ;  and  with  these  as 
abscissae  and  Knths'  values  for  the  corresponding  permanent  magnetio 
moments  ("in  millions  of  absolute  units,"  milligrammes-millimeters- 
seconds)  as  ordinates,  suppose  the  curves  belonging  to  each  of  the  bars 
to  be  constructed.  These  curves  are  given  in  figure  31,  the  attached 
Dumber  referring  to  the  ratio  between 
the  length  and  the  diameter  of  each 
rod.*" 

I  will  omit  tbe  interesting  dednc- 
taouB  which  Buths  makes  ttova  his 
data,  these  going  beyond  our  present 
purpose. 

From  an  inspection  of  the  carves 
we  derive  the  following  important 
resnlts,  viz :  that,  like  the  electrical 
properties  of  steel  and  its  specific 
gravity,  BO  also  the  maximum  of  per- 
manent magnetism  is  largely  modi- 
fled  by  tbe  different  degrees  of  glass- 
hardqess  of  the  bnr  (i,  e.,  thoRe  lying 
above  yellow  aunealed,  and  scarcely 
distinguishable  mechauically).  In 
the  second  place,  the  resnlts  of  Baths,  being  obtained  from  compara- 
tively thick  rods,  are  largely  influenced  by  structure.  In  view  of  these 
facts,  I  deem  the  hope  by  no  means  too  sangqine  that  if,  to  avoid  com- 
plicatious  from  structare,  we  experiment  on  thin  rods,  the  maximum 
of  permanent  magnetism  may  be  empirically  expressed  in  terms  of  the 
dimensions  and  T.  E,  H.  only;  that,  Airtbermore,  from  the  parallelism 
discovered  in  the  variation  of  specific  gravity  and  the  electrical  prop- 
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III  Tbe  data  employed  are  thoae  obtoioed  \ij  Bntha  for  rods  120  miltimetera  long,  and 
1.7,  2.4,  S.ff,  3.8,  4.9,  5.9  millimeterB,  respectively,  in  diameter,  with  very  powerful 
magnetiziDg  foicw. 
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erties  of  steel,  tbe  T.  E.  H.,  the  si>eoiflc  resistaace,  and  Uie  magnetic 
moment  are  in  some  veiy  intimate  way  connected  with  the  volume  of 
a  nnit  of  mass.  This  would  imply  a  oouueotlon  of  these  phenomena 
with  the  intennolecDlar  spaces  of  ateeL 

lu  concloeion,  it  gives  me  great  pleasure  to  acknowledge  my  indebt- 
edness to  Professor  Eohlranah  for  much  kind  asaistaDce  throagbont  tlie 
course  of  the  experiments. 

PHTSioif.  iNsiirorE,  Unitxbsitt  of  WtiBZBima, 

Febnarf,  X879. 
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Boee,  Joshna,  on  tempering 39 

Rowland,  Magnetic  experimenta  of 803 

Rnlte  for  tempering  and  magnetizing .. 171,900- 

Bnths,  Magnetic  experimentu of 111,903 

Magnetio  experiments  of,  disonssed 146^  2SS 

Banerwald,  Galvanomet«i  made  by  .... ... 36 

Scheme  for  researohea  with  steel,  QaoeTal 71 

Seotions  of  wins  bow  measured 192 

Etoebeclc  on  theTmo.eleotrio  scale 7 

fiengnerd,  Fancet  devised  by 30 

SensitiTsnesa  of  the  electrical  properties  of  iTon-oaibides 193 

BerioBofiron-oarbnrets 188,191,900,801 

Siemens*  mercury  nnit,  Value  of - 5 

Silver-stMil,  Character  of 18,88,176 

Soft  ii«n,  Electrical  bohavior  of 61 

Soft  steel,  Electrical  behavior  of 60 

"Soft"  state,  Properties  of 1(6 

Softening,  Method  adopted  for 60,101 

Specific  magnetisiD  de£iae<l 131 

Strain  of  drawn  hardness,  General  character  of- 110 

of  temper,  Electrical  effect  of,  etc 13,06,103,110,186,197 

Magnetic  effect  of  changes  of 151, 166 

Steel  annealed  at  it°,  then  expoaeil  to  I|'^  (snocesaJTe  annealing),  Tables90, 30.57,  iS,  50 

Definition  of 188-192,201 

Density  and  resistance  of,  Table  1 19,92 

Electrioal  characteristios  of 177 

Electrical  relation  of,  to  lion 60,SS1 

tHeneral  electrical  conatantaof.  Table  77 iW 

kind  used,  described 18,28,115,178 

Resistance  of.    {See  resistance.) 

Temper  and  resistance  of.  Tables  47,  48 1S4 

Temperatnre-coefflcient  of ... .. , 15 

Temperatare-coefBcient  of.  Tables  1,2,  3 *. 19 

Tbeimo-eleotric  bebavtor  of,  annealed  in  steam,  Tables  9  to  15 43-46 

Tbermo-electrlc  behavior  and  resistance  of: 

annealed  at  660,  Tables  16-18 47,48 

annealed  at  lOO".  Tables  19-81 49,50 

annealed  at  185°,  Tables  22-84 51,5* 
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8tM],  tlMri&fr^lMtile  b«liaTlor  knd  nsIbUdm  of-~0(mthiii«d. 

mmiMl«d  M  330°,  Table  9&-87 63,54 

annMled  in  oil,  TftblM  7,  VU 41,216 

BDDemled  aoft,  TAble  31 W 

Theinio-electric  hudnets  And  realatonoe  of,  Tftbt*  34 66 

Tbenno- electric  power  and  reaiatMice  of,  TftbleS 43, 6!^ 

ThenDo-electric  power  and  tempeiof,  meui  nanlta,  T*ble36 '.,...  54 

BLniotum,  uiomalies  of.  Electrical  eSeot  of . . 66,68 

Deflnition  of,  etc 8,14,96.114,113.191 

Hetboda  of  stndyiuK 114 

SooeesMTe  aua«aliiig.  Magnotic  effsoto  of 157,161 

Meobanioal  effiectfl  of 57-58^ 

Sodden  eooluig,  CbaraoteTof  theellbotaof 38- 

Stinunary ,'. 194 

Bnndell  m  electrical  behavior  of  >llo;a W 

Table  1,  on  tbe  tempeiataro-coeffloient,  Tealstoooe,  dennt;,  aod  dimeiMionB 

of  ateelrodB 1» 

S,  on  tbe  t«mperatQre'4)oeGBcient,  leaiatanoa,  and  temper  (oxlde-eoat^) 

of  Bteclroda • 19 

3,  on  the  tempera  tore- coeffloient  and  reaiatance  of  steel  rods,  practical 
digert 19 

4,  OD  tbe  tempeTature-coefflclent  and  conductivitv  of  iroo 90- 

5,  on  tbe  tempeiktnm-coefBcieDt  and  reeintaoce  of  iron,  digest 21 

6,  on  tbe  tctapeTatare-coefBcient,  reaistance,  and  dimensionn  of  cast-iron 

rods 23 

7,  on  the  thermo-eleo trios  and  rosistaace  of  steel  annealed  in  oil 41, 4i 

6,  on  the  thenno-etectric  power  and  resistance  of  steel  annealed  in  nil.  43- 
9,  10,  11,  12,  13,  14,   15,  on  tbe  thorioo- electric  behavior  of  steel  an- 
nealed in  steam  for  different  leogths  of  time 43, 4S 

16,  17, 18,  on  the  thpimo-electiic  behavior  and  reeiRtance  of  steel  an- 
nealed at  66° A 47,48 

19,  !M,  21,  ou  the  thernio-electric  behavior  and  resiBt«Dce  of  steel  an- 
nealed at  100°   49,60 

StS,  93,  24,  on  the  thermo-electrio  behavior  and  resistance  of  ateel  an- 
nealed at  185°  61,53 

is,  26,  '•n,  ou  the  thermo-eleotrio  behavior  and  resiBtance  of  steel  an- 
nealed at  330°  53,64 

S8,  on  tbe  thermo-eleotrio  power  of  steel  annealed  at  66°,  100°,  185°, 

330°,  general  digest 54 

29,  30,  on  the  eleotrical  behavioi  of  steel  annealed  at  t,°,  then  exposed 

to(,o,l,>  t, 67,68,59 

31,  on  the  thermoelectric  behavior  and  resistance  of  soft  steel 60 

32,  on  the  thermo-eleotric  behavior  and  leeiatance  of  soft  iron 61 

33,  on  theobeerved  and  caloolated  Bpecific  resistance  of  steel '     63 

34,  comparison  of  the  values  of  thermo-eleotric  hardne«a  and  specifio 
reaistauceof  steel 66 

36,  on  the  thermo-eleotfic  t>ehavior  of  ailver-platinnm  alloys 8S 

36,  37,  on  the  thermo-electric  behavior  of  silver-gold  alloys 89,83- 

38,  on  the  thermo-electric  behavior  of  silver-copper  alloys 83 

39,  on  the  thermo-eleotrio  behavior  of  silver-zino  alloys 84 

40,  on  the  electrical  reaistance  of  certain  alloys  of  ailvec 84,86 

41,  on  the  electHoal  resiatonoe  and  temperatnie-ooefflcjeot  of  alloys  «f 
rilvei e& 

4S,  on  the  tbeimo-electrlobebavier  of  malleable  oaat-lron 101,10% 
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Table  43,  on  the  electrio«l  reaUtuioe  of  mallekble  oaal-iroD 101 
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anoe,  and  temper  of  permanently  satnrated  steel  rods 130-UG 
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eteel m 

66,  Bnths'a  magnetic  reanlta M 
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nealed at  100°  1« 
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78,  79,  tbenno-eleotrio  behavior  of  oast-iron..-  «l 179-18) 

80,  eleolEioal  resistance  of  oaat-lron 181 
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eteel 911 
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A.  D  "7  £3  R  T I  S  fil  AI  S  IT  T. 

(BoIMln  Ho.  IE.] 


Tbe  pnbUoBtloiia  of  the  United  BtKe*  Osologlo*!  Snrray  m  iMoed  In  aooorduoe  with  the  itatatet 
■ppTOTad  Uaroh  S,  lani,  which  dacUre*  that— 

*'  Tbe  pabllcaUona  of  the  QitcAoglcal  Snrrej  ihBll  Dmialit  of  tb«  umnml  report  of  opATfttfoiUL  giM^Oflleal 
mnd  flooDomlo  mape  lUaitratins  the  reeoarcee  end  oLuaiflcetion  of  the  Ivkdi,  end  nporte  npoji  ^meril 
end  economic  geolo^  end  pel«oot<do^.  The  ■Tinwi  report  of  opeimdoiu  of  (be  OeeloKlol  Surrey 
■hall  acoompeii/  the  ■"wwi  nport  of  the  Secntarj  of  the  Interior.  All  Bpeoial  memolre  ujd  report! 
of  leid  Surrey  Bhall  be  iHoed  In  nnlfoim  quarto  eeilH  If  deiuned  necoHai;  by  the  IMrector,  bat  atber- 
wlae  In  ordinaiy  octSToa.  Thme  Ihonaand  oopieeof  each  ihall  be  pabUaliedfar  aolBBllfia  axahancee 
and  fin  ule  at  the  price  of  pnblicaticii  i  aodalllltenryiuidoitrtognpMciuatalaUreoetTedineiabaDga 
•hall  be  the  property  of  the  TTolUd  State*  asd  Ibrni  apaitof  tbeltbnfyof  theorgauliatlon:  And  the 
DUmey  reenltiug  bom  tbe  ule  of  nicb  pnbllcationi  ehall  be  ooreced  Into  the  Treanuy  of  the  United 
Btatee." 

On  July  T,  1883,  the  following  Jtrint  neolntlon,  refeirlnc  lo  all  Qorenuaent  pablloattoiM,  wai  puaed 
by  CoDgreae: 

"  That  whenever  any  doenmeut  ot  tepoTt  ehall  be  oideted  printed  by  Congrm,  there  ehall  be  printed 
In  addition  to  tbe  niimbet  in  each  case  uatcd.  the  'ueoal  unmber'  (LMM)  of  coplea-fbr  binding  end 
dlatilbatloo  among  thote  entitled  to  rooelra  them." 

Uiidn  time  geaend  law*  it  will  be  eeen  that  none  of  the  Borrey  pnbllcatknu  are  Ibniiahed  to  It  for 
Itratvltou*  dlatribntlen.  Tbe  S^DOOcopLeeoftheAnnnal  Report  are  dietribntedtbrongb  thedooome&t 
ToinBe  of  Congreaa.  The  l.KM)  cxiplee  of  aech  of  the  pablloatlona  are  dietiibntad  to  the  ofSoeTe  of  the 
Iggtalatlve  and  eieentlre  departmcnle  and  to  (tatod  depoeltaile*  thnmgbant  the  United  State*. 

Xxoept,  thenAice.  In  thoee  oaaea  wbeie  an  ezln  aomber  of  any  pHbUoatlrai  la  aappUed  to  tbi*  office 
by  apecial  iHolntlon  of  Congne*,  ta  hu  bMO  done  in  tbe  o*aa  of  tJie  SeeODd.  Third.  Fourth,  and  Fifth 
Annaal  Beporta,  or  wheie  a  Btnnber  ha*  been  ordered  for  II*  D*e  by  tb*  Seoretar;  of  the  Interior,  aa  In 
the  e«a*  of  Ulnenil  Beaooroe*  and  DlctlomaiT  of  AUltodM,  the  Surrey  baa  do  ooples  of  any  of  It*  pub- 
lUial Willi  for  gratnitooe  dletrlbatJOd- 

AinrCAI.  BEPOBTS. 

or  tbe  Aanaal  ReperU  then  have  been  already  pabU*hed  1 

I.  Flnt  Annual  Report  to  tbe  Hon.  Cari  Sohan.  by  CUienoe  King.  1880.  f.  TS  pp.  1  map.— A 
pveltminary  report  daeoribbff  plan  of  trrfanfiation  uid  publlcadena. 

IL  Report  of  the  Director  of  tbe  United  Btitee  GeologlDal  Sorvej  for  ISBi-'Bl,  by  J.  W.  PowelL 
1881.    f.   It,  twa  pp.   n  pi.   I  map. 

m.  Third  Anniul  Repnt  of  tbe  United  Statae  Oeologleal  BDrrey,  t8n-'S2,  by  3.  W.  Powell.  ISSS 
8°.    XTlll,  SM  pp.   <n  pL  and  mapa. 

IT.  FoDJtJi  AannalReportitf  tbe  United  8taCe*OeelegloalSDrT*T.ie83''aS,  by  J.  W.  PowelL  ISM. 
SP.   xll,i73pp.  MpLandmapa. 

The  Flflh  Anniuil  Report  1*  In  pnae. 


or  the  Uowgrapha,  no*,  n,  UI,  IT,  T,  TI,  Til,  and  Tm  are  now  pabUihed.  Tli  i 

XL  TertlaryHlrtory  oftbeOtandCaKonSletrict,  wlthBtUe,by  ClarauieE.I>atton,Capt.,U.  B.A. 
1881.    i".    iiT,2Mpp.   43plM>dallM<f  MabeetafiUo.    PriDe|tD.I2. 

HX  Oeokey  of  tbe  Comateok  Lode  and  the  Waehoa  Diatiiot.  with  atlaa,  by  Qeorm  F.  Becker. 
isn.    1°.    IV,  122  pp.   T  pi.  and  atla*  of  21  aheeU  folle.    Price  111. 

IT.  Coiiiitacl[UlnlniiaBdMlnsa,by  EUotLoid.    188S.    ^.    xlT.  161pp.    8  pi.    Price  (LSO. 

T.  Coppor-beerini  Rock*  of  Lake  Superior,  by  Belaud   D.  Irving.    188L    1°.    xvl,  KM  pp.  IS  L 

aapL  Prioeii-as, 

TX  Contribotiona  tatheEjw«ladgeoftheOUerXeaaioIoFlorBofTlTgfaila,by  Wm.  U.Fontaine. 
188a.    4°.    il,  141  pp.    ML    H ^    Price tl-CO. 

TH.  Silver-lead  BepostU  of  Xmeka,  Serada,  by  Joeeph  8.  CertU.  ISH.  *°.  xUI.  a»pp.  ISpL 
Piiee  11.20. 

Tin.  Peleanloliw}  of  the  Boreka  Dldriot,  by  Chwle*  D.  Waloott  1881.  4°.  xttl,  Iff)  pp.  21 U 
•IpL    PrioelLU. 


ADTBBnBEMEHT. 

The  foUoTliig  are  In  preiB,  viii 

IX.  Bimehhipads  and  LraielUbmiotilate  of  tbe  R    ~        ~ 
by  RDbart  P.  VhUflcld.    1B8S.    1°.    ix,mpp.    SSpL 

Z.  DlnoosnU.    AHoooBraph  of  ■nXztlBVtOidtTof  Ql^ntloU 
IBKV.    4°.    — .  —  pp.    H  pL 
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XtBTTEB  OF  TBAITSHITTAI.. 


Depastkknt  of  the  Intkbiob, 
IJnitbd  States  Geological  Subtet, 

Wathington,  -D.  0.,  Jamtary  13, 1885. 
Sib  :  I  have  the  honor  to  tranBmft  herewith  a  paper  entitled  On  the 
Higher  Devoniao  Paanas  of  Ontario  Oonnty,  Kew  York,  by  Mr.  J.  M. 
Clarke. 

Mr.  Clarke  has  had  nnaeual  opportunities  for  making  a  critical  study 
of  the  Devonian  *tBta  and  faunas  of  the  district  mentioned,  and  I  re- 
spectftilly  reoommnd  the  pnblicatioD  of  his  paper  in  the  form  of  a  bul- 
letin as  giving  valoable  new  data.  . 
Very  respectfully, 

0HA8.  D.  WALCOTT, 

Paleontologitt, 
Hon.  J.  W.  Powell, 

.  Dirwtor  qfthe  Uiuted  Btatn  Geological  Sitntg.    ' 
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THE   HIGHER   DEVONIAN    FAUNAS  OF   ONTARIO 
■  COUNTY,  NEW  YORK. 


Bt  John  M.  Olabkb. 


INTBODUCTOBY  BBMABKS. 

The  materials  and  the  conclnaione  presented  in  this  paper  are  the 
partial  results  of  stodies  of  the  Devonian  of  Western  Mew  York,  vhioh 
have  been  of  several  years  daration.  Since  the  summer  of  1877  much 
attentiOD  has  been  given  to  the  finer  subdivision  of  the  Devoaian  od 
strictly  paleontological  evidence,  the  rich  development  of  Devonian 
faunas  within  Cutario  County,  and  in  its  vicinity,  having  afforded  an 
uueqnaled  opportunity  for  such  work.  What  is  here  given  concerns 
only  the  Higher  Devonian  strata  and  their  coutents,  viz.,  those  of  the 
Genesee,  Portage,  and  Gheuinng  formations,  and  the  materials  here 
made  use  of  have  been  derived  principally  from  the  county  of  Ontario, 
with  important  additions  from  tbeeastirard  and  westward  extension  of 
these  strata  into  the  adjoining  counties  of  Yates  and  Livingston. 

In  preparing  these  notes  I  have  received  many  kindnesses  from  my 
companion  in  the  field,  Mr.  D.  D.  Luther,  esq.,  of  Naples,  N.  Y.,  to  whom 
credit  bdongs  for  many  of  the  discoveries  here  detailed. 

BIBLIOOBAPBT  OF  THE  FOSMATIOm  HEBE  DISCUSSED,  VIZ.,  THE 
OKSESEE,  THE  NAPLES,  THE  F0RTA9E,  AND  THE  HIGH  POINT  CHE- 
MONO  SOCKS  OF  THE  STATE  OF  NEW  TORK. 

1839.  Conrad,  T.  A. — Second  Annual  Report  yn  the  Paleontological  De- 
partment of  the  Geological  Survey  of  New  York. 
Vol.  Ill,  pp.  57-66. 
1841.  Conrad,  T.  A.— Fifth  Annual  Beport  on  the  Paleontological  De- 
partment of  the  Geological  Sorvey  of  New  York. 
Vol.  V,  pp.  25-67. 

1843.  Conrad,  T.  A. — "Observations  on  the  Silarian  and  Devonian  Sys- 
tems of  the  U.  S.,  with  descriptions  of  now  organic  remains." 
Joarnal  Acad.  Nat  Bel.  Phila.,  Vol.  VIH,  Pt.  n,  pp.  228-380. 
J  842.  Tanuxnn,  L. — Geology  of  New  York,   Survey  Third  Geological 
District. 
Pp.l68-lB5,M9-303. 
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1843.  Hall,  JamM.— Geologj  of  New  York,  Survey  of  Foortb  Geological 
District. 
Pp.  217-277, 414-449. 

1846.  Venenil,  E.  dft. — "  Note  sur  le  parall^IiBme  ''es  rocbeB  des  d^pAts 
pal^ozoiques  de  I'Ain^rique  Septentrionalt  avec  cenx  de  I'Eu- 
rope,  saivie  d'uu  tableau  dee  esp^cett  fossilea  commciies  aax 
deux  contiuents,  avcc  IHndication  des  Stages  oil  elles  se  ren- 
coDtrent,  et  termin^e  par  un  examen  critique  de  chacnue  de 


fiullrtln  de  laSoci^hi  Oeologiqne  de  France,  3  aeri^,  Tome  IV,  pp.  649-710. 
(TranBlnt«d  l>y  Hr.  H>ll,  and  published  in  Am.  JoAiutl  of  8ci.,  2d  aer.. 
Vol.  V,  pp.  176-183, 3&9-370;  Vol.  VI,  pp.  45-51, 21d-83l.) 

1857.  Hall,  James. — "  DeBoriptiooB  of  Paleozoic  Foasila." 

In  Tenth  Ann.  Bep.  N.  Y.  Slate  C»b.  Nat.  HisL,  pp.  41-180. 

1858.  Bigiby,  J.  J.—"  On  the  Paleozoic  Basiu  of  the  State  of  New  York, 

PtiTt  L    A  synoptical  view  of  the  miueralogical  aud  fossil  char- 
acters of  tlic  Paleozoic  Basin  of  the  8tat«of  New  York." 
In  Qnar.  Jour.  Gtol.  Soc.,  Vol.  XIV,  pp.  335-427. 

1868.  Bigsby,  J.  J. — The  same,  Piut  II.    '"  Ctassificstion  of  the  Paleozoic 
Strata  of  the  State  of  New  York." 
In  Qu»r.  Jour.  Geol.  Soo.,  Vol.  XIV,  pp.  427-462. 

1859.  Bigibj,  J.  J. — The  same,  Part  III.    "An  inquiry  Into  the  aediment- 

ary  and  other  relations  of  the  Paleozoic  Bocks  of  the  State  of 
New  Tork." 
In  Qnai.  Jour.  Geol.  Soo.,  Vol.  XV,  pp.  251-3.15. 

1860.  Hall,  Jamw. — "Notes  and  observations  upon  the  fossils  of  the 

Goniatitc  Limestone,  in  the  Marcellas  shale  of  the  Liaoiilton 
gronp,  and  those  of  the  Goniatite  Beds  of  Eockford,  Indaoa, 
with  some  analoj^us  forms  from  the  Hamilton  gronp  pra|>er.'' 
In  Thirteenth  Ann.  Rep.  N.  Y.  Stale  Cftb.  Nat.  Hist.,  pp.  yS-llS. 

1862.  Dawfon,  J.  W. — "  On  the  Flora  of  the  Devonian  Period  in  north- 

eastern North  America." 
In  Quar.  Jonr.  Geol.  Soo.,  Vol.  SVIII,  pp.  2»-330. 

1863.  Hall,  Jamn. — "  On  the  occurrence  of  Crastacean  Bemains  of  the 

genera  Oeratiocaris  and  Dithyrocaris,  with  a  notice  of  some  new 
species  from  the*Hamilton  group  and  Genesee  slate." 

In  Sixteenth  Ann. Bep. N.  T.  St^te  Cab.  Nat.  Hiat.,  pp.  71-^ 

1863.  Hall,  Jamet.—"  Descriptions  of  new  specsies  of  Bracbipode  from 
the  Upper  Helderberg,  Hamilton,  and  Chemung  gronps." 
In  Sixteenth  Ann.  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  pp.  19-66. 

1866.  Oieen,  H.  A. — "On  a  few  of  the  Fossilferooa  Localities  in  Living- 

ston and  Genesee  Counties,  New  York." 
In  Am.  Jour.  Soi.,  adser.,  Vol.  XLI, pp.  121-122. 

1867.  Hall,  James.— PaWntology  of  New  York. 

Vol.JV. 
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THB    PHTbOQnAPtiW    AKl>    PAIi±:oK1X>liOOl6     CHABAC- 
TEBS  OF  THIi  OEME8BB  BSDS. 

TTPICAL  KXPOBUBBB. 

I.  Eaat  aod  WMt  tliorM  of  Canandaigaa  Lake  from  Seneca  Point  and  Qennndewab 

•ontb  to  Woodville. 
9.  The  rmTines  on  tbe  weit  lide  of  Canandaigna  Lake,  tIi.  ;  at  Blaok  Point,  Seneca 

Point,  and  Foater'e  Point. 

3.  Cheahlra  In  Canandaigaa  Township. 

4.  Biiatol  Center  in  '>  Blackamitb's,"  RaBdall'e,and  other  gnlllea. 

5.  Hamilton  Onlly,  Houeoye  Lake. 

6.  Olenville,  Hemlock  Lake. 

Tbeae  shales  coostitnte  the  nppermoet  rabdivlsion  of  the  rocks  of 
tbe  Hamilton  Period,  and  are  osaally  regEoded  as  Tepieseoting  the 
oppermost  Middle  Devoniao  in  New  York.  Since  the  original  thoroagh 
characterization  of  these  strata  in  the  Geological  Beport  of  the  Fourth 
District  of  New  York,  in  1813,  their  petrograpfaical  features,  in  a  geu- 
eral  sense,  have  been  well  known.  In  Ontario  and  the  ac|joiniBg  conn- 
ties  thej  are  developed  as  a  mass  of  bitaminons  shales,  altboagb  vary- 
ing in  the  amount  of  organic  matter  they  contain  in  different  horizons 
and  localities. 

Bitaminons  shales  occur  also  in  the  overlying  Naples  gronp  of  strata, 
which  are  separated  from  the  dark  layers  of  the  Oenesee  by  a  distance 
of  oolya  few  feet  of  green  shales,  and  on  this  acooant  their  bitaminons 
character  does  notalways  serve  to  identify  their  oatcrops  where  the  ad- 
joining rocks  ate  not  exposed.  Tbe  order  of  snocession  in  the  Oenesee 
strata  of  tbe  district  nnder  consideration  is  not  constant,  largely  ex- 
plained by  the  fact  that  the  rocks  are  sbalea,  although  in  tbe  fact  of  their 
tendency  to  local  variations  these  beds  differ  fh>m  tbe  shales  of  the  under* 
lying  Hamilton  pnpremetU  dit  which  I  have  fonnd  to  be  qnite  persistent 
in  petrograpbical  character  and  paleontological  contents. 

Along  tbe  shores  of  Oanandaigua  Lake,  where  the  strata  have  an  ex- 
cellent development,  there  are  at  tbe  base  of  tbe  group  about  20  feet  of 
bituminous  aienaceous  shale,  containing  rows  of  concretions  of  impure 
calcic  carbonate,  this  overlaid  by  40  feet  of  densely  bituminous  rock 
having  a  perfect  cleavage  that  gives  it  a  close  resemblance  to  a  slate. 
This  bed  is  so  rich  in  organic  matters  that  a  blow  of  the  hammer  evap- 
orates etMMigh  of  the  lighter  hydrocarbons  to  produce  a  very  strong  pe- 
txoleam  smell.  Over  limited  areas  it  loses  its  schistose  character,  be- 
comes compact  and  densely  rich  in  bitnminoaa  matter.  The  fk«shly 
broken  surface  is  of  a  deep  blaok  or  dark  coffee  color,  and  Uie  streak 
chocolate  brown.  On  account  of  numerous  planes  of  jointing  which 
(47) 
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cross  these  layers,  and  the  capacity  of  tbo  rock  for  resisting  weathering, 
they  always  make  a  marked  featare  in  a  landscape.  The  ezposorea  are 
generally  high  walls  covered  with  projecting  battlements,  bnttresaee 
and  parallelopipedons. 

Above  these  strata  lies  a  mass  of  black,  fragile,  clay  shale,  100  feet 
thick,  which  passes  into  the  overiyiDg  transition  shales. 

Further  than  this  there  is  no  variation  in  the  rooks  of  the  Genesee 
division  in  Ontario  County,  except  in  the  case  of  the  thin  calcareoaa 
beds  which  are  here  designatol  as  the  Styliola  Uiyer. 

In  the  sunrmer  of  1878  I  received  ih>m  Mr.  Hall  a  small  fragment  of 
limestone  quite  made  op  of  the  exnvise  of  the  little  pteropod  which  had 
already  been  desoribed  by  him  as  Tentaeulites  JUaurella,  subsequently 
as  StylioUi  fiasurella.  The  specimen  had  been  collected  in  the  coarse  of 
the  geological  survey  of  1837-'43  from  a  loose  block  in  the  town  of 
South  Bristol,  Ontario  Connty.  Accompanying  the  specimen  was  a  re- 
qnest  that  I  should  make  a  search  for  the  outcrop  of  this  rock,  »Qd 
subsequent  searches  resulted  in  finding  the  layer  in  the  midst  of  the 
dark  shales  of  the  Genesee  and  about  20  feet  ftotn  their  base,  a  little  to 
east  of  the  village  of  Cheshire  in  the  township  of  Canandaigna.  Cod- 
tjnaed  searches  for  the  distribution  of  the  layer  have  discovered  its  oot- 
crops  in  many  and  widely  separated  localities  throughout  the  width  of 
the  district  nnder  consideration.  Wherever  occurring  this  layer  is 
quite  unique  in  its  composition,  consisting  almost  wholly  of  the  shells 
of  these  minute  pteropods,  which  are  so  small  that  they  measure  no  more 
than  Ij  to  2'"'"  in  length,  and  so  abundant  that  I  have  estimated  flrom 
good  specimens  of  the  limestone  at  least  40,000  individuals  to  a  cubic 
inch  of  the  rock.  Stylio'a  fissurella  occurs  also  in  great  abundance  in 
other  horizons,  as  in  the  bituminons  shales  of  the  Marcellus  epoch,  where 
it  is  very  characteristic  of  the  blackest  and  most  fissile  layers.'  Hall 
has  also  quoted  the  species  as  occurring  in  great  abandance  in  the 
Black  Slates  of  Lexington,  Indiana,  where  it  is  associated  with  CkoneUt 
l^ida  H.  Further  on  in  this  paper  I  note  the  recurrence  of  the  fossil 
in  great  quantities  in  a  concretionary  Ooniaiite- bearing  stratom  of  the 
Naples  shales,  bnt  nowhere  etsA  does  it  occur  in  e^o  great  abondance 
as  at  this  horizon. 

This  Styliola  layer  varies  somewhat  in  petrograpbical  character  in  its 
different  outcrops.  On  the  shores  of  Canandaigna  Lake  it  makes  a 
somewhat  concretionary  limestone  about  1  foot  in  thickness,  and  with 
a  strong  schistose  tendency.  In  tbe  ravines  about  Bristol  Center  and 
further  to  the  west  its  concretionary  character  becomes  more  strongly 
marked,  and  in  these  places  the  concretionary  masses  are  overlaid  ami 
underlaid  by  masses  of  strongly  bituminous  shale  containing  the  same 
fossil  in  the  same  abundance.  Still  farther  west,  in  the  township  of 
Bichmond,  and  near  Hemlock  Lake,  the  layer  becomes  pretty  well  sepa- 

"Pnleontology  of  N.  Y.,  Vol.  V,  Pt.  II,  p.  179. 
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rated  into  n  saeoession  of  thin,  very  calcareous  bands,  which  are  scat- 
tered throngh  a  thickness  of  several  feet  in  the  dark  shales;  but,  how- 
ever it  may  oscillate  between  shale  and  limestone,  its  place  in  therocka 
is  at  once  marked  by  the  predominance  of  the  Styliola.  Its  pereistence 
is  noteworthy,  aa  Mr.Hall  states  that  a  similar  limestone  6  inches  thick 
is  to  be  fonud  on  Gaynga  Creek,  near  Aiden,  Erie  Connty,  abont  80 
miles  ftirther  west 

Whether  the  rock  of  the  stratum  be  limestone  or  shale,  it  is  always 
extremely  rioh  in  org^ic  matter.  I  find  that  in  most  of  the  shales 
there  is  qnite  as  great  an  abondance  of  S^liola  sholls  as  in  the  lime- 
stone, while  there  is  a  mach  greater  quantity  of  organic  matter,  and  to 
this  may  be  ascribed  the  more  perfectly  developed  tendency  to  cleavage 
in  the  shales,  for  the  calciam  carbonate  of  both  limestone  and  shales  is 
almost  wholly  derived  from  these  shells.  Thin  sections  show  nnder 
the  microscope  that  the  rock  has  little  else  iu  it  than  these  exuviie,  so 
oloeely  crowded  together  that  not  inEreqaently  one  individaal  is  thnist 
iDside  of  another,  and  a  tliird  inside  the  second.  In  whatever  direction 
of  a  fragment  of  the  rock  a  thin  slice  is  made,  all  the  interspaces  be- 
tween the  individuals  which  have  been  longitudinally  cnt  are  nsually 
completely  filled  with  transverse  sections  of  other  individuals,  lying 
at  varying  angles  to  those  which  have  happened  to  be  longitudinally 
cat.  Interstices  too  small  to  accommodate  a  Styliola  are  very  often 
filled  with  bituminous  matter,  and  it  is  quite  common  to  find  in  the 
interior  filling  of  the  Styliola  a  considerable  intermixture  of  organic 
matter  left  from  the  decomposition  of  the  original  tenant  of  the  shell. 
The  cementatioD  of  these  originally  loose  shells  has  uatarally  been 
effected  by.,pereolating  waters  dissolving  and  depositing  calcic  car- 
bonate. The  thin  sections  show  that  this  calcite  has  been  deposited 
evenly  on  the  entire  inner  surface  of  the  shells,  the  youngest  surfaces 
of  the  deposit  coming  together  in  a  line,  which  is  the  longitudinal  axis 
of  the  shells,  giving  thus  to  the  longitudinal  section  the  appearance 
of  vein  infiltration.  Many  of  the  longitndinally  cut  individuals  show 
also  an  external  coating  of  calcite,  which  appears  at  best  advantage 
where  the  original  accumulation  of  shells  has  had  a  somewhat  looser 
tAztnre  and  plenty  of  room  has  thus  been  left  between  the  shells  for 
the  deposition  of  sach  a  layer.  Both  external  and  internal  deposits  are 
CTTstalline.  Every  Styliota  shell,  whether  only  filled  with  calcite  or 
whether  it  has  in  addition  to  its  interior  filling  an  external  coating  of  the 
mineral,  shows  two  distinct  sets  of  what  appear  at  first  to  be  twinning- 
lines  of  the  rhombohedron  —J  B.  Both  of  these  sets  of  lines  take  their 
origin  along  tbe  central  line  or  axis  of  the  shell,  and  proceed,  each  ob- 
liquely backward  or  toward  the  apex  of  the  shell,  through  tbe  interior 
filling,  the  substance  of  the  shell  ^self,  and  the  external  layer  without 
interruption,  and  these  three  layers  of  calcite  show  under  tbe  potariscope 
perfect  optical  and  crystalline  continuity.  Such  twinning-hoes,  as  they 
(49) 
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un  ordiaarily  developed  in  a  crystalline  limestone  are  seen  to  occnr 
Id  the  individnal  grajnsj  one  series  for  eacb  grain,  bnt  the  series  in 
the  adjoiDtng  graias  have  absolat«ly  do  relation  to  one  another,  bat 
in  the  case  of  the  Sryliola  shells  and  the  accompanying  caloite  dieie 
is  always  a  definite  relation  between  these  two  sets  of  tviDDiug-liDes; 
thaa  the  angle  which  they  make  with  each  other  is  always  the  same, 
49°,and  this  angle  is  invariably  directed  toward  the  stoma  of  the  shelL 
Here  may  be  thus  an  interesting  example  of  the  twinning  of  twinned 
calottes  oocarring  aboat  these  Stylioia  Bhells.  ^have  noticed,  however, 
that  the  calcite  of  the  Styliola  shells  invariably,  polarizes  thronghout 
with  the  same  color,  and  I  have  hitherto  been  atiable  to  detect  any 
difference  in  the  colors  afforded  by  the  adjacent  lamdllee.  Xot  iofte- 
queutly  is  to  be  discerned  in  the  BtslioUe  a  second,  bnt  very  indistiQCt, 
series  of  lines  making  an  angle  with  the  lines  of  the  first  set,  the  angle 
which  they  make  with  each  other  alongtbeaxisof  the  shell  being  49°  us 
in  the  first  set,  and  directed  towards  the  apex  of  the  shell. 

The  transverse  sections  of  these  shells,  when  made  at  right  angles  to 
the  axis  show,  with  crossed  Niools,  a  radiate-crystaltjae  stmotare,  the 
radial  needles  extending  from  the  center  throngh  the  exterior  coating 
of  calcite.  Their  appearance  suggests  the  atmctnre  apparent  in  a  cross- 
section  of  a  Belemnite,  but  in  the  longitudinal  sections  there  is  no  sacfa 
evidence  of  their  existence  as  is  found  in  the  Belemnite.  In  polarized 
light  these  tr&nsverse  sections  show  very  beautifhlly  the  dark  cross 
accompanyiDg  spbemlitic  stractare.  I  recently  requested  of  Professor 
Zirkel,  of  Leipsic,  his  opinion  of  the  natnre  of  the  double  series  of  lines 
meeting  at  the  axis  in  the  longitadinal  sections  of  the  shell,  and  have 
been  pleased  to  learn  that  he  does  not  regard  the  lines  as  lyiea  of  twin- 
ning, bat  as  lines  of  cleavage.  That  these  lines  have  the  moat  evident 
axial  angle  always  directed  toward  the  stoma  of  the  shell,  he  regards 
due  to  the  orientation  of  the  calcite  in  its  deposition,  which,  nnder  sim- 
ilar circumstanceB,  would  bo  the  same  for  given  surfaces.  The  fact, 
however,  that  these  rhombohedron  cleavage  lines  have  the  pame  rela- 
tion to  the  Styliola  shell  and  its  enveloping  calr^ite  as  rhombohedron 
lines  to  a  sealenobedroo  of  calcite,  prompts  a  query  whether  each  one 
of  the  acicalar  shells  may  not  have  taken  its  calcite  as  n  scalenohedron, 
and  whether  the  StytioUt  shell,  itself  an  acute  suggestion  of  a  scaleno- 
hedron may  not  have  exercised  the  inflnenoe  of  a  scalenohedron  in  con- 
trolling the  snbseqnent  deposition  of  the  calcite.  Upon  this  question 
the  recent  investigations  of  Brongniart,^  Sorby,^  and  Irving'  into  the 
cbaractei  of  the  indnration  of  ancient  sandstones  may  have  an  interest- 
ing bearing, 

■GraiaeeFowlles.    1880. 

*  AddtMB  before  0«ol.  Soc.,  London.    Qnu.  Jour.  Oeol.  Boo.,  Yo),  XXXVI,  p.  63. 

•Am.  Jnor.  Soimoo,  3d  aer.,  Vol.  XXV,  No.  SO. 
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The  passage  from  tlie  gray  palcareoos  shales  of  the  HamiUoD  beds 
proprement  (Mt  to  the  black  sbales  of  the  Genesee  >s  anusually  sharply 
detiued,  a  fact  due  evidently  to  tbe  close  proximity  of  the  Tully  lime- 
stone (the  limit  betneen  the  Haniiltou  aad  Genesee,  wherever  it  ap- 
pears). This  formation  is  lacking  in  New  York  west  of  the  village  of 
Bethel,  in  the  township  of  Gorham,  but  for  a  distance  of  10  or  15  miles 
west  of  its  last  appearance  ita  influence  8eem»  marked  by  the  clearly 
defined  separation  between  tbe  shales  of  tbe  Genesee  and  those  of  the 
underlying  Hamilton. 

Bat  with  this  plane  of  separation  very  clearly  marked  I  notice  three 
species  of  brachiopoda  which  belong  strictly  to  the  Hamilton  epoch 
fanna,  and  which  cannot  be  regarded  as  an  element  in  the  proper  fauna 
of  tbe  Genesee  epoch,  passing  a  short  distance  from  tho  upper  limit  of 
the  Hamilton  shales  into  the  black  shales.  These  are  Spirt/era  medialU^ 
var.  Eatoni  H.;  S.  Tnilia  H. ;  OrthU  idonea  H. 

Leaviug  these  three  fossils  out  of  consideration,  it  will  be  seen  finm 
the  table  api>ended  at  the  close  of  the  discussion  of  the  fauna  of  tbe 
Portage  group,  that  there  are  nine  species  common  to  thefxunas  of  the 
Hamilton  and  tbe  Genesee  epochs  in  this  district,  and  it  is  true  tbat 
with  tbe  exception  of  tbe  species  Choneiea  tepida  and  Choneteg  aetigera 
none  of  tbem  are  iu  any  sense  characteristic  or  abundant  in  the  Hamil- 
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PISCES. 

Genns  POLYGNATHUS. 
1,  Polyguathua  dubfus. 

Folygnathva  duUuK  Hinde,  G.  J.,  Qnar.  Jonr.  Gcol.  Soc,  Vol.  XXXV, 
p.  362,  PI.  XVI,  Figs.  6-18. 

This  "Conodont"  tooth  agrees  well  with  some  of  tbe  variatiouB  of 
the  above  species.  It  is  the  only  stiecies  which  I  have  noticed  in  this 
horizon.  From  the  upper  shales  of  tbe  group  at  Glenville,  Hemlock 
Lake.  ( Vide  description  of  fossils  of  the  Naples  Shales  for  more  par- 
ticulars in  regard  to  the  occurrence  of  these  fossils.) 

Genus  DINI0THY8. 

2.  DlnlctbjB  Newbenyl,  o.np. 

(Plate  I,  Fig.  1.) 

From  the  concretions  in  tlio  black,  bitnminons,  so  called  Huron  Shale 
of  Ohio,  which  is  probably  closely  equivalent  iu  age  with  the  Geueseo 
Bull.  16 2  (51) 
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and  Naples  sbales  of  Kew  York,  Newberry  described,  in  1873,'  tLe  above 
mentioned  genus  witb  tvo  species.  These  two  forms  have  introduced 
to  oar  knowledge  a  novel  sort  of  monstrous  fishes, and  the  species  I*. 
Terrelli  and  D.  Bertztri  bare  gniued  a  well-deserved  reputAtion  on  ac- 
count of  their  immense  size,  formidable  appearance,  and  peculiar  zodlog- 
ical  relations,  as  well  as  for  the  beauty  of  the  specimens  obtained. 

Eayser  has  described  (Zeitsch.  d.  dentsch.  Geol.  Gesell.  Vol.  XXS 1 1, 
p.  817)  a  third  species  under  the  name  IHnicthys  (t)  Ei/eUtuia,  from  Oerol- 
st«in. 

From  the  concretions  of  the  Styltola  layer  in  Blacksmith  Gully,  :it 
Bristol  Center,  I  have  a  beautifully  preserved  specimen  of  the  lowtr 
right  mandible,  with  the  right  mnxillarj-  and  portions  of  the  cranittl 
bones  of  an  individual  of  this  genus.  The  lower  mandible,  which  is  tbc 
best  preserved  of  all  of  tbe  parts  taken,  is  just  about  one-half  tbc  nize  of 
thecorrespoudingpartof  either  of  the  Ubio  species.  In  the  possession  of 
a  sbarp,even,knife-like  cutting  edge  on  the  mandible  instead  of  a  finely- 
toothed  cutting  edge,  it  is  more  closely  allied  to  D.  TerreUi  tbau  to  D, 
Hertzeri,  but  the  jaw  in  its  relative  dimensions  is  much  less  stont  than 
in  D.  TerrelK,  approaching  in  these  particulars  much  moreclosely  to  1}. 
Hertzeri.  To  show  these  relative  proportions  clearly  I  give  herewith 
the  measorements  in  tbe  two  previoosly  described  species  of  what  may 
be  regarded  the  constants  in  the  right  lower  mandible  for  comparison 
with  those  in  this  smaller  form.  In  tbe  diagrams,  column  A  gives  tlie 
length  of  tbe  mandible;  B,  it«  width  at  a  itointhalf  way  fh)m  tbe  posl<> 
rior  angle  to  the  cutting  edge ;  C,  tbe  width  from  tbe  anterior  end  of  i  bu 
cutting  edge  to  the  base  of  the  mandible ;  D,  fh>ni  the  apex  of  tbe  an- 
terior prehensUe  tooth  to  its  base. 


iSi  sii! 


By  redacing  these  dimensions  to  tbe  standard  of  tbe  smallest  species, 
we  have  these  ratios : 


A. 

B.     i 

.m. 

«.. 

■it 

■-'      « 

D.TarreUi I       2 

D.Henmi 11 

D.Neirberrji 1 


This  mandible  thus  is  not  quit«  one-half  the  size  of  that  of  either  of 
Dr.  Newberry's  species,  but  in  its  relative  proportions  it  agrees  quite 
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cloee)y  witb  those  of  D.  Hertzeri,  while  D.  I'errelU,  having  a  greater 
widtli  in  propoAion  to  its  length,  has  a  stouter  jaw.  In  the  right  max- 
illary we  bavu  these  measureuieiits  to  compare  with  the  like  in  J>.  Ter- 
relli.    (I  hare  not  been  able  to  ascertain  them  for  D.  Hertzeri.)    . 


D.  TemlU 


Their  ratio  will  be; 


l>,5ewbeit7l 11 

There  is  thus  a  similar  disproportion  in  these  bones  to  that  in  the 
mandibles  of  the  two  species.  This  ineaBnrcment  of  width  for  the  max- 
illarj'  of  D.  Terrelli  does  not  include  the  triangular  process  on  its  upper 
posterior  limb,  which  is  wantiug  in  1).  Newberryi. 

In  the  same  IStyiiola  layer  as  it  outcrops  on  the  east  side  of  Canan- 
daigna  Lake,  near  Gcuundcwah,  G  miles  from  the  Bristol  locality,  I 
bad  earlier  discovered  a  durso-meJiitn  plate  belonging  presumably 
to  the  same  s[>ecies.  Its  dimensions  are  as  follows:  Length,  lfij«" 
(broken);  width,  anteriorly,  la^""' ;  height  of  carinal  process,  5"°. 

In  tbe  Ohio  species  these  dimensions  are  in  centimeters :  ^ 

D.  Terrelli,  65: 57J:  10. 
D.  Hertzeri,  07^:53: 10. 

Compared  with  i).  Netcberryi,  their  ratios  are : 

'  D.  Terrelli,  5.2: 4,2: 2. 
D.  Hertzeri,  5.4 : 4 : 2. 
D.  Newberryi,  (1)  1:1:1. 

The  posterior  edge  of  this  plate  in  D.  Xewberryi  is  broken  and  has 
apparently  lost  3  or  4°'"  from  its  length.  The  smalluess  of  the  bones  of 
D.  Newberryi  does  not  indicate  immature  growth  of  an  individual  of 
either  of  the  other  species.  The  discovery  in  outcrops  of  the  same  hori- 
zon, in  localities  separated  by  a  distance  of  several  miles,  of  bones  of 
different  individuals,  all  of  which  seem  to  agree  with  one  another  in 
tfaeir  relative  pro^Kirtions,  is  at  least  presumptive  evidence  that  these 
individnals  had  attained  maturity  and  that,  the  size  of  tbe  bones 
given  above  is  that  of  normal  full  growth.  (Since  writing  the  above  1 
have  received  the  descri|>tion  of  A  new  Binicthys  from  the  Portage 
Groap  of  Wesieni  New  York,  by  E.  N.  8.  Ringueberg  (Am.  Jonr.  Soi., 
3(1  ser.,  Vol.  XXVII,  No.  102,  June,  1884,  p.  476.) 
(53) 
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Mr.  Bingoeberg's  species  ia  from  Stnrgeon  Point,  od  L^e  Brie,  20 
miles  below  Boffalo,  itnd  was  found  in  the  black  sbales  of  the  Port- 
age  Grunp,  the  speciiDcu  coiisiutiug  of  a  somewhat  fragmentary  dorso- 
median  plate.  This  plate  Jigrees  well,  in  general  dimeuBions,  with 
that  of  JJ.  S^eicberryi,  but  there  is  nothing  iu  the  latter  like  the  strongly 
bifnrcate  crest  represented  by  Mr.  Kingneberg,  and  the  species  most  be 
reganled  »s  distinct. 

G8DU8  PALEONISCUS. 
3.  FaleoDlacas  devonloua,  u.  sp. 

(Plain  l,KigB.a-6.) 

(The  description  of  this  species  is  giveu  with  the  notice  of  the  fauna 
of  the  Naples  Shales.) 

A  single  scale  of  this  species  I  have  found  in  the  shales  of  Glenville, 
Hemlock  Lake,  a  few  feet  above  the  Styliola  layer. 


CRUSTACEA. 

Geana  CERATIOCARIS. 

4.  CeiatiocailB  longjcandna. 

Ceratiocaris  UmgicauduB  Hall,  Sisteeolh  Ann.  Hep.  N.  Y.  State  Gab. 
•      Nat.  Hist.,  1863. 

The  telsoD  spines  of  this  species  occur  iu  the  4»ncretioQS  of  the  upper 
areoaceons  layers  at  Whale's  Back,  on  Canaudaign^  Lake. 

CEPHALOPODA. 

GeouB  GONIATITES. 
3.  Qonlatdtea  oomplaoatna. 
Q<miaHte»  complanatm  Hall,  Geol.  N.  Y.,  Survey  Fourth  Geol.  Dist. 
To  be  found  occasionally  in  the  more  arenaceous  layers. 

6.  Ooniatitea  diacoldeua. 

Ooniatiteg  diseoideus  Hall,  Thirteenth  Ann.  Rep.  N.  Y.  State  Gab.  i^at. 
Hist,  1860. 
This  species,  which  has  usually  been  regarded  as  characteristic  of  the 
>faroeIlus  shales,  occurs  iu  fine  e:iuui])leH  in  the  Styliola  layer. 
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7.  OoniAtiMB  PatarBonl. 
GmiatiUH  Paterumi  Hall,  I'ul.  X.  Y.,  Vol.  V,  Pt.  II,  1S79. 

Tbe  coDcretionar^'  portious  uf  the  fUj/liola  layer  on  Canaadaigua  Labe 
bave  afforded  e\ideDce  of  tbe  cooipanitive  abundance  of  tliiH  species, 
which  haa  been  hitherto  regarded  as  diagnostic  of  the  Portage  Groop. 

8.  Qonlatitea  nodUer  d.  ap. 

Sbell  ambiltcate,  body-wbor)  expnuding  rapidly  outwards,  its  width 
at  tbe  stoma  being  2J  times  Ibat  at  the  beginning  of  tbe  volution,  com- 
pressed laterally,  sloping  gradually  In  tbe  dorsnm  whivU  in  ronnded, 
widest  on  the  inner  margin  wheiv  it  f»IU  away  abruptly  to  the  inner 
whorls.  The  umbilicus  shows  fire  whorls  which  overlap  one  another 
iu  sncb  a  way  an  to  leave  each  preceding  one  exposed  for  about  one-fifth 
its  width.  Diameter  of  tbe  uorniAl  full  grown  shell  li*"",  of  which  tbe 
the  nmbilicos  covers  5""".  Sufure:  Dorsal  lobe  ufaort,  lanceolate;  dorsal 
saddles  small,  rounded  and  sloping  slightly  toward  the  umbilicus,  outer 
lateral  lobes  somewhat  narrower  than  the  dorsal  saddles  but  of  the  same 
length;  lateral  saddles  broad,  rounded,  twice  as  long  as  dorsal  saddles, 
and  distinctly  sloping  toward  the  umbilicus.  Inner  lateral  lobe  short, 
ronnded  and  ventral  saddle  smiill  and  indistinct.  This  suture  is  very 
similar  to  that  of  O.  pianorbig  Simdb.  ( Vci'stcineningeii  d.  Khein.  Sehicbt. 
Niiss.,  p.  96,  PI.  IX,  Pig.  3),  though  the  Nassau  species  is  a  niucli  more 
uoibilicate  shell.  The  inner  wborls  are  etlged  witb  strong  nodes,  which 
may  be  tbe  protruding  ends  of  ridges  passing  across  the  whorls.  These 
number  fiom  12  to  IG  for  eacb  whorl,  but  t>ecome  fainter  on  the  younger 
whorls,  and  are  hardly  distinguishable  on  tbe  last  volution.  ITo  otbet 
marks  of  or n amenta tion  are  visible. 

This  species  is  a  rare  form  occurring  in  the  Stgliota  layer  in  associa- 
tion with  0.  Patersoni  U.,  and  as  one  of  tbe  Orenate  goniatites  atauds 
in  close  sntnral  relations  to  tins  fossil.  Its  nearer  allies,  however,  both 
in  form,  suture,  and  strength  of  utnbilication,  are  G.plniiorbis  Sandb., 
G.  lamelltMut  Sandb.,  and  0.  tubrrfuli>««s  d'Arch.  and  Verneuil. 

From  Gennndewab,  Canandaiguu  Lake. 

It  is  a  matter  of  rfgret  to  me  that  on  account  of  the  recent  discovery 
of  tbis  species  it  has  been  inconvenient  to  prepare  an  illnstration  of  it. 

(ipiMiH  OKTIIOCKKAS. 
9.  Oitboc«r«a  pacfttor. 
Orthocerat  pacator  Hall,  Pal.  N.  Y.,  Vol.  V,  PL  II,  1879. 

A  single  finely-preserved  example  from  tbe  StylioUt  lager  is  referred 
to  this  species,  which  has  hitherto  been  regarded  as  confined  to  the  shales 
of  the  Portage  Gronp. 
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Genua  (iOMrMOCICIJAK. 
10.  Oomptioceraa  numea. 
dimphoceraa  Maneg  Hall,  Pal.  N.  Y.,  Vol.  V.  Pt.  II,  1870. 

A  large  fragment  measuring  3  iucbos  in  diameter,  probably  belongs 
to  thiB  species.    From  the  Styliola  lager, 

PTEROPODA. 

Gflnna  COLEOHTS. 
11.  Coleolna  acicnlnm. 

Ortkoceraa  aciculum  Hall,  Geol.  N.  Y.,  Survey  Fourtli  Geol.  Dist.,  1843. 
Coleolus  adculum  Hall,  Pal.  N.  Y.,  Vol.  V,  Pt.  II,  1879. 

Occasionally  in  the  lower  areuaceons  shales  on  Cannndaigua  Lake, 
and  UQt  nncommoii  in  tbe  Styliola  layer. 

Genoa  TENTACULITE8. 
12.  TentacuUtea  giacUiatriatus. 
TentacuUte*  graoilittrialua  Hall,  Pal.  X.  Y.,  Vol.  V,  Pt.  II,  1879. 

Not  infrequent;  associated  with  tbe  following  speuies  in  t^e  pajcarc- 
ons  layers. 

Genua  STYLIOLA, 

13.  StrUola  OBanreUa. 

TeniaouUtea  Jusurella  Hall,  Geol.  N.  Y.,  Survey  Fourlh  Ga»l.  Dist.,  1879. 
Slftliota  figturella  Hall,  Pal.  N.  Y.,  Vol.  V,  Pt.  II,  1879. 
Bare,  except  in  tlie  calcareous  layers  and  concretions. 

GASTROPODA. 

GeniiR  PLEUROTOMARIA. 
14.  Plenrotomaria  Itya  vnr.  tenolapira. 

Pleurotomaria  Ityg  var.  tenuigpira  Hall,  Pal.  N.  Y.,  Vol.  V,*Pt  II,  1879, 
PI.  XXX,  F.  25. 
The  concretions  of  tbe  Styliola  layer  afford  in  considerable  abundance 
a  ^>ecie8  of  Pleurotomaria  agreeing  with  this  variety  in  its  strong  re- 
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volviug  Htriie,  which  are  es[>eciully  [tromiiieiit  on  the  upper  snrface  of 
the  whorls. 

The  original  of  Hall  is  from  the  Hamilton  Shales  of  Hambnrgh,  S.  T. 

15.  PlvoTotomaria  mgtdata. 

Plevrotomaria  rugulata  Hall,  Thirteenth  Ann.  Bep.  N.  Y.  State  Uab. 
liTat.  Hist.,  1860. 
This  species,  which  is  very  characteristic  of  the  Marcellas  shales,  T 
have  foand  in  a  few  instances  in  the  lower  shales  in  Bristol  Center. 

Ganna  BELLEEOPHON. 

16.  Belleropbon  stilataa<f). 

Bellerophon  atriatua  Ferussac  and  d'Orbigny.    Bronn,  Lethsea  Geognos- 
tica,  PI.  I,  Fig.  11. 

The  concretions  of  the  ^Itola  layer  contain  a  Bellerophon,  which  will 
]>robably  be  referable  to  this  species.  This  shell  has  a  width  of  from 
16  to  18""  across  the  stoma,  is  not  explanate,  but  has  the  proper  pro- 
portions of  B.  ttriatua  as  given  in  the  place  cited.  The  younger  portion 
of  the  body  whorl  is  covered  by  a  callous,  the  remainder  of  the  volution 
showing  an  ornamentatiot]  consisfing  of  tubercles  or  papillate  eleva- 
tions, crossing  which  may  be  seen  the  laraellose  liues  of  growth.  The 
tlorsnm  is  strongly  defined,  is  free  of  tubercles,  and  is  crossed  by  retrally 
bent  lines  of  growth.  B.  Mwra  H.  (Pal.  N.  i'..  Vol.  V,  Pt.  II,  p.  119, 
PI.  XXV,  Figs.  0-14,  and  PI.  XXVI.  Figs.  19-24}  has  a  similarly 
tnbercleil  surface,  bnt  the  dorsnui  is  also  tnbereled. 

From  Genandewah,  Ganandaigua  Lake. 

BeUerophon  atriatus  occurs  in  rocks  of  apjiroximately  the  same  age, 
in  the  It>erg  formation  of  the  Harz  Mountains. 

PELECYPODA. 

Oenas  LUNULICARDIUM. 

17.  IfOnalioardinm  tegjle- 

AvicuJafraffili^  Hall,  Geol.  N.  Y.,  Survey  Fourth  Geol.  Dist,  1843. 
iMHiaicardium  fragile  Hall,  Pal.  N.  Y.,  Vol.  V,  Ft.  I,  1883. 

Very  abundant  in  the  Styliola  layer  on  Ganandaigua  Lake  in  very 
large  and  finely  preserved  examples.     Very  common  also  in  the  more 
sandy  shales  of  the  series,  generally  in  a  fiattened  condition. 
{67) 
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G.-iuiB  CAiiDlOLA. 

18.  Cardials  retroetriata. 

(For  the  synonymy  and  farther  discussion  of  this  8£)ecie«  see  remarks 
CD  the  fauna  of  the  Knples  shales.) 

This  species,  which  reaches  its  enlmination  in  the  overlying  Naples 
shales,  occnrs  sparingly  in  the  transition  beds  at  the  top  and  the  arena- 
ceous shales  at  the  base  of  the  Genesee. 


BRACHIOPODA. 

Genuti  LEI0RHYNCUU8. 
19.  IrViorhTiicbiw  qnsdiico«t«tUB. 

Orthis  quadrioostaUi  Vanuxem,  Geol.  N.  Y,,  Survey  Third  Geol.  Diet., 

1842. 
Atrypa  quadricostata  Hall,  Geol.  N.  Y.,  Survey  Fourth  Geol.  Dist.,  1843. 
Rhynckonella  quadricogtata  Hall,  Tenth  Ann.  Rep.  N.  Y.  State  Cab.  Sat. 

Hist.,  1867. 
Leiorhynchtts  quadrtcogtaUts  Hall,  Thirteenth  Ann,  Bep.  ^.  Y.  State'Cab. 

Nat.  Hist,,  1860. 
Sot  an  Queommon  species ;  associated  with  Discina  Lodetuvt  in  the 
more  bitominons  layers. 

GeouB  CHONETES. 

20.  ChoDBtM  leplda. 

Ckonetes  lepida  Hall,  Tenth  Ann.  Eep.  N.  Y.  State  Cab.  Nat.  Hist,  1857. 
Characteristic  of  the  Marcellus  shales,  and  occnrriug  but  spnrsely  at 
this  horizon. 

21.  ChonetOB  setigera. 

Strophomena  aetigera  Hall,  Geol.  N.  Y.,  Survey  Fourth  Geol.  Dist.,  1843. 
Chonetet  setigera  Hall,  Tenth  Ann.  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857. 
Not  common ;  much  more  abundant  in  the  Hamilton  shales  beloir 
and  the  Chemuog  group  above.    From  the  Styliola  layer, 

GCDUS  DISCINA. 

22.  Dlsclua  IfOdenslB. 

Orbicula  Lodemia  Vanuxem,  Geol.  N.  Y.,  Survey  Third  Geol.  Dist.,  1842. 
IHscina  Lodmsie  Hall,  Pal.  N.  Y.,  Vol.  IV,  1867. 

Quite  abundant  in  the  higher,  more  bituminous  strata  at  Seneca  Point, 
on  Canaudaigua  Lake,  at  Bristol  Center,  and  at  Glenville,  on  Hemlock 
Lake. 
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UeuDH  LINGI'LA. 

33.  Liagnla  spatnlata. 

lAngula  tpatvlata  Yaniixem,  OeoL  New  York,  Surrey  Third  Geol.  Dist., 

1842. 

EKtremel;  abundaut  iu  the  iitytiola  layer  in  all  its  oatcrope,  passing 

tbroagh  noticeable  variation  In  size. 

Genno  CLAD0CH0NU8. 
24.  CladooIuMiuB  ap. 

A  member  of  this  genus,  whose  si)eciflc  relations  have  not  been  de- 
termined, occars  with  some  freqaency  in  the  StylMa  layer  on  Canandai- 
gna  Lake. 

CRINOIDEA. 

Genus  MEL0CKINU8. 
25.  Malocrlnaa  Claxkel. 
ilelocrinui  ClarJcei  H.  S.  Williams,  Proo.  Acad.  Nat.  Sci.,  Phila.,  p.  31, 
1882. 
Thia  species,  which  is  the  only  criuoid  described  from  the  Genesee 
rocks,  is  limited,  as  far  as  my  knowledge  of  it  goes,  to  a  very  well  de- 
fined horizon.  The  first  specimens,  consisting  of  a  stab  with  eight  indi- 
viduals in  a  fine  state  of  preservation,  were  found  twelve  years  ago  in 
Bell's  Oully,  on  Ganandaigna  Lake,  and  until  the  snmmer  of  1881  all 
efforts  to  find  further  traces  of  the  species  in  the  Genesee  had  been  in 
vain.  In  that  summer  a  single  calyx  was  obtained  from  a  thin  calcareous 
layer  about  10  feet  above  the  Styliola  layer  near  Seneca  Point,  on  Can- 
andaigua  Lake,  and  subseqiieitLly  discovered  at  the  same  distance  above 
the  Stgliola  layer  ia  Bristol  Center  an  exposure  which  showed  seventeen 
calices  in  good  preservation.  This  layer,  which  seems  to  be  persistent 
over  an  area  at  least  of  some  miles  square,  is  not  over  an  inch  in  thick- 
ness, and  indicates  that  although  this  crtnoid  had  encroached,  appar- 
ently in  great  numbers,  upon  the  bottom  of  the  retired,  qniet  sea  of 
this  epoch  so  rich  in  deconiiKtsing  organic  matter,  iu  a  place  where  its 
environment  would  seem  to  be  entirely  against  its  successful  growth, 
the  entire  plantation  was  soon  overwhelmed,  and  the  si>ecies  did  not 
return  nntil  the  appearance  of  the  fauns  of  the  Naples  shales.  . 

PLANTS. 

Oenns  LEPIDODENDRON. 

26.  Iiepldodendron  prinMevum. 

Lepiiodendron priitKevum  Rogers,  Geol.  Survey,  Penn.,  Vol.  IT,  1858. 

This  specieB  is  rarer  at  this  horizon  than  in  the  fauna  of  the  Naples 
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sliales,  but  U  occa^iuijatly  tu  be  lonnd  in  tliv  Sfyliola  lui/er,  and  in  tbe 
bituiunioii»  strata  at  Black  Poiot,  Caniuidaigua  Lake. 

27.  Lepidodendron  Oaspiannm. 

Lepidodenilron  gaspianvm  Duwson,  (Jrtir.  Jcmr.  Ge»\.  Soc.,  Vol.  XVIII, 
lSfi2. 
I  liave  no  knowledge  of  tbc  previous  iOentificatioii  of  tbis  Kpccies  id 
tbe  rocks  below  tbe  Obemnng  frrotiji.     Dr.  Diiwsoii  ban  identified  it 
from  the  StifHola  layer, 

GpuuhCALAMITKS. 
28.  Calamites  inomatoB. 
Calavtites  inomaUig  Dawson,  Quar,  Jour.  Geol.  Soc.,  Vol.  XVIIJ,  1862. 
A  fingic  spetrimen  of  tlii»  speeioR,  l^t  itielies  long  and  3  iucbesTJde, 
agrees  well  in  its  course,  broad  ilutitigs  witb  ibe  origiual  description  of 
the  species.  From  the  very  bitiuniuons  sbaics  at  Ulack  Point,  Cauau- 
daigua  Lake. 

Genua  CLADOXYLON. 
2d.  ClBdoz7lon  mlrablle. 
Cladoxylon   mirafnle  Unger,    Beitrag   z.   Foliiontologie  d.  -Thiiiinger 
Waldes,  185C,  p.  93,  PI.  XII,  Fig«.  G,  7. 
Tbia  species  has  been  identified  by  Dawf^on  (Fossil  Plant*!  of  the 
Brian  and  Silurian  of  Canaila,  Pt.  il,  ISSi',  p.  lliO)  from  spec iui ens  fakrn 
from  tbe  Stt/liola  layer  on  Caiinndaigua  Lake.    Tbis  is  its  first  identifi- 
cation in  America,  tbe  original  baving  been  described  (Vom  the  TTpper 
Devonian  at  Saalfekl. 

GeniLH  CVCLOSTIOMA. 

30.  CycloBtlgnaa  afSoe. 

Gyclostigma  affine  Dawson,  Quar,  Jour.  (Jeol.  Soc,  Vol.  XXXVII,  1831, 
p.  270,  PI.  XII,  Figs.  11,  12. 
Tbis  species,  described  from  specimens  taken  in  the  adjoininj:  connty 
of  Yates,  bas  been  recognized  by  Dr.  Dawson,  also,  in  tbe  Styliola  layer 
of  Canaudaigiia  Lake. 

Gonii8  DADOXYI.ON.      . 

31.  Dadoxylon  Clarkei. 

Dadoxylon  Clarkei  Dawson,  Fossil  Plants  of  tbe  Krian  find  Upper  S- 
lurian  Formations  of  Canada,  18S2,  Pt.  II,  p.  124. 

Described  from  examples  from  tbe  SlyUola  layer.  Tbe  si>eci mens  from 
wbicb  the  original  description  liaA  b«^n  made  were  comparatively  sdihU 
branches,  measuring  but  an  iucb  or  two  in  diameter.  More  recently 
I  bave  fouud  examples  5  inches  in  diameter  and  neatlj-  3  feet  id  length. 
The  abandatice  of  tfaU  species  id  the  Styliola  borizoQ,  and  eBpeciallf 
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iu  the  large  concretions  in  tbe  sbalcB  imuiediately  o^'crl,viDg,  is  very 
worthy  of  note.  I  have  lound  it  iu  every  outcrop  of  the  Styliola  lager 
known  to  me,  and  at  Bristol  Center  it  occurs  in  great  quantity  and  with 
fine  preservation.  It  has  proved  itself  the  most  abundant  fossil  wood 
of  the  Devonian  of  this  diRtrict.  To  account  for  its  presence  we  may 
assume  the  close  proximity  of  laud,  perhaps  wooded  islands,  as  sug- 
gested by  Dawson,  or  the  mouth  of  some  large  continental  water-coarse, 
through  whose  agency  this  drift-wood  was  carried  out  to  sea.  Its  con- 
stant association,  however,  with  the  pelagic  fossil  Slyliola  leads  us  to 
believe  that  either  it  must  have  been  carried  in  large  quantities  faront 
to  sea,  or  that  the  little  pteropoda  were  swept  in  by  ocean  currents 
ft«m  deep  water.  The  latter  may  be  more  probable,  inasmuch  as  the 
character  of  tbe  fauna  and  flora  as  a  whole,  with  the  lithological  fea- 
tures of  the  formation,  are  snch  as  to  indicate  a  quiet,  protected,  and 
moderately  shallow  sea.  The  occurrence  of  the  one  crinoid  known  in 
the  group,  Melocrinus,  has  a  definite  bearing  upon  this  conclusion. 
As  far  as  known  it  appeared  but  at  one  horizon  in  the  Genesee,  and 
then  in  great  numbers;  migrating  from  its  proper  environment  in  deep 
waters,  it  encroached  upon  the  Genesee  fauna,  but  was  soon  over- 
whelmed by  a  deposit  of  muddy  sediment,  and  did  not  appear  again 
Dutil  toward  the  close  of  the  epoch  iu  which  the  Kaples  shales  were 
laid  down. 

GenuB  SPOEANGITES. 
32.  Bporangitea  HnronenBis. 
Sporangitea  Muronensis  Dawson,  Am.  Jour.  Sci.,  1871,  p.  257. 

Specimens  of  these  spores  I  have  found  in  places  in  the  more  bitu- 
minous portions  of  the  Genesee  shales,  but  they  are  not  commonly  well 
preserved.  It  has  been  suggested  by  various  authorities,  most  lately  by 
Orton '  for  the  Ohio  Devonian  and  Snbcarboniferons  bitumiuous  shales, 
that  the  bituminous  matter  contained  in  these  rocks  may  be  due  in  a 
large  measure  to  these  lycoiiodiaceons  spores,  from  the  [termeatiou  of 
the  resinous  matter  contained  by  them  through  the  cotitainiug  rock. 
Whether  or  not  this  is  the  case,  I  have  found  these  or  similar  macro- 
spores  in  tbe  Oorniferou.s  limestone  in  much  greater  abundance  and  in  a 
more  perfect  state  of  preservation  than  in  the  Genesee,  iu  a  rock  which 
is  not  black  and  can  hardly  be  called  bituminous.  Dawson  '  has  re- 
cently described  from  the  Devouian  beds  of  Rio  Trombetos  and  Bio  Cu- 
ruji,  Brazil,  forms  of  spore-sacs  which  he  has  regarded  as  closely  allied 
to  the  modern  Khizocarps  represented  by  the  genus  l^alvinia,  and  for 
these  be  has  suggested  the  generic  name  Protoxalvinia.  The  macrospores 
contained  in  these  sporocarps  are  in  nil  respects  similar  to  the  scattered 
macrospores  of  the  Genesee  and  CoruiiVrous.     Evidence  of  enveloping 

'Source  of  Bitumiuous  Matter  in  Ohio  Dlack  Slialen,  Am.  Jont.  3ci.,  1882,  p.  171. 

■On  Bhizocarps  iu  the  Faleozuic  Periud.Proc.  Am.  Ass,  Adv.  Sei.,  Vol.  XXXII,  liSSl. 
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membranee  or  sporocarps,  for  these  North  Americao '  spores,  soch  as  are 
fouDd  In  the  Brazilian  specicB,  is  Dot  yet  at  hand,  but  in  view  of  the 
similarity  existing  in  the  macroapores  themselves  of  these  different 
North  and  South  American  species,  Dawson  suggests  the  probability 
that  all  of  these  Devonian  Sporangites  were  allied  to  the  modern  Khizo- 
carpa. 

In  addition  to  these  species,  which  constitate  the  known  fanna  and 
flora  of  the  Genesee  rocks  of  Ontario  Gonnty,  others  have  been  described 
by  other  investigators  from  the  outcrops  of  these  rocks  in  other  portions 
of  the  State.  Hinde"*  has  described  a  large  nnmber  of  species  of  "  Cono- 
doDts"  from  the  Hamilton  and  Genesee  shales  of  North  Evans,  Erie 
County,  of  which  the  following,  in  addition  to  the  one  I  have  already 
mentioned,  are  quoted  from  the  Genesee :  - 

Prioniodug  angulatvg.  Polygnatku»  naautva, 

aciculari)!.  princeps 

armatus.  palmatres. 

spicatm.  punctatut. 

The  following  species  is  quoted  by  Vanuxem:" 

Lingula  concentrica  Vanaxem. 
By  Hall:" 

IHtoina  truneata  Hall. 
By  Williams:" 

Amboccelia  umbonata  Conrad. 
By  Dawson : " 

Eachiopteris  pinnala  Dawson. 
The  Pyrite Fauna. — In  the  more  fissile  bitaminonsstrataoftheGienesee, 
occurring  in  both  the  lower  and  the  higher  layers,  there  are  very  often 
to  be  found  nodules  or  concretions  of  pyrite,  usually  somewhat  kidney- 
shaped,  or  a  little  flattened  from  lying  iu  the  shale,  often  made  up  of 
masses  of  cubic  or  pyritobedral  crystals  and  not  infrequently  as  large 
as  one's  head.  To  find  fossils  preserved  in  pyrite  is  a  very  common  oo. 
currence  in  all  the  Devonian  strata  of  New  York,  ae  it  is  indeed  in  the 
strata  of  nearly  every  age.  But  these  pyrite  nodoles  of  the  G«uesee 
prove  to  contain  a  fauna  almost  entirely  of  their  own,  and  though  it  is 
an  association  of  fossils  quite  in  consonance  with  its  Devonian  surroaud- 
iDgs,  all  the  species  which  I  have  hitherto  Ibnnd  them  to  contain  are  to 
be  found  nowhere  else."^ 

■Tida  for  later  iiiTestigatioiiB  of  these  aporea,  Am.  Jour.  Bci.,  Vol.  XXIX,  April, 
1885,  pp.  284-289. 
'"Qnar.  Jour.  Geo.  Soc.,  Vol.  XXXV,  1879. 
"Oeol.  N.  Y.,  Survey  Third  Gool.  Diet.,  1842. 

"Geol.N.Y.,  Survey  Fourth  Oeol.  Diet.,  1843;  Pal.  N.  Y.,Vol.  IV,186T. 
"Pal.  EewarcheB," Science,"  Vol.  I,  No.  16,  1880. 
"Quar.  Jour.  Geol.  8oo..  Vol.  XVIII,  1863. 
^  With  the  exception  of  Chontlei  Ufiia  H. 
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I  describe  bereirith  the  species  I  have  determined,  and  take  pains  to 
^Tetbemnamessnggestedbytheir environment,  which  will aerveto lieep 
them  distinct  ae  a  iauua.  I  believe  there  is  abundant  opportunity  to 
enlarge  this  faana,  and  I  trust  this  suggestion  may  he  of  value  to  others 
studying  the  same  rocks. 

Genua  BEYBICHIA. 

33.  B«;rlohla  DagOD,  d.  ep. 

(Plate  ir,  Fif^.  6,  7.) 

This  species  measures  ^  ■"■°in  length  and  f"""  in  its  greatest  width, 
which  is  posteriorly.  EUnge  line  straight;  ventral  outline  semi-oval, 
rounding  somewhat  abruptly  on  the  posterior  margin,  bofanded  by  a  well- 
marked  rim  on  both  valves.  Posterior  third  of  the  shell  broadly  tumes- 
cent, anterior  extremity  less  so.  Medially  on  the  dorsal  margin  is  a 
prominent  tubercle,  extending  oue-half  the  way  across  each  valve.  Sur- 
face smooth.    From  Bristol  Center. 

Genus  GONIATITES. 

34.  GoniatlteB  Astaite,  n.  up. 

{Plate  II,  Figa.  9,  10.) 

Width,  Ij  °"°j  thickness,  1  "".  The  remarkable  rotandity  which  this 
relatively  great  thickness  gives  to  the  shell  gives  it  a  [)ecnliarfonn 
which  is  not  represented  elsewhere  in  the  Devonian  of  Ifew  York. 
Tolutions,  two  or  three.  Widely  umbilicated.  Septa  simple,  arising 
from  the  ventral  suture  with  a  low,  backward  curve,  bending  very 
gradually  forward  to  a  long,  slightly  rounded  dorsolateral  saddle,  and 
turning  thence  abruptly  to  a  sharp  angular  dorsal  lobe.  Ten  or  twelve 
septa  in  the  first  volntion,  Wborls  depressed.  Burface  as  far  as  known, 
smooth.    This  is  quite  an  abaudant  form  in  the  Bristol  pyrite  nodules. 

Geoiia  OHTHOCEBAS. 

35.  Orthooeras  Stebos,  d.  Bp. 

(Platen,  Fig.  15.) 

I  have  but  a  single  individual  of  this  species,  which  measures  25""  iu 
length  and  5™"  in  width.  Surface  marked  by  strong,  evenly  rounded 
nnnnlated  elevations,  which  are  not  always  the  same  distance  apart. 
These  an nulations  and  the  interspaces  are  covered  with  extremely  min- 
ute transverse  linings,  equally  strong  on  both  elevations  aud  depres- 
sions. The  shell  widens  somewhat  abruptly  at  the  body  chamber. 
Septa  not  known. 

36.  Ortbocuaa  Msphlsto,  n.  up. 
{Plate  III,  Fig,  2,) 

Shell  measuring  3"'°  in  length  aud  showing  the  body-chamber  and 
eight  air  chambers.     SHell  smooth  and  evenly  tapering  from  the  body- 
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cbambtT.  Septa  at  eqnal  intervals.  This  is  qaite  the  commoDest  Or- 
tfaocenu  in  tbe  nodaleii  aud  in  it«  proportioos  saggest  the  Hamilton 
species,  O.  exile  H. 


(PIXelU.  Fig.S.} 

Length  l"^.  A  beautiful  little  species,  presenting  a  fomi  quite  difler- 
eot  from  any  other  koowu  Devonian  Orthoceias  in  its  relatively-  strong 
and  evenly  rounded  auDulations,  which  are  marked  by  the  finest  longi- 
tudinal  striations.     No  trace  of  »epta  visible. 

GenuK  FLATYOSTOMA. 

38.  Platyortoma  B«lial,  u.  sp. 

Width  of  shell  across  the  body  whorl  less  than  l"*".  Tery  depressed, 
three  volutions  visible.  Body  whorl  large,  flattened,  and  snbangnlated. 
d.pertare  triangnlar.  This  minute  sbell  is  quite  abundant  at  Bristol, 
and  elsewhere,  but  so  small  that  the  drawings  made  of  it  have  not  been 
successful  enough  to  justify  publishing. 

GcuDs  LOXONEMA. 

39.  Loxonema  (?)  Moloob,  n.  ap. 

This  shell  is  much  rarer  than  tbe  foregoing ;  measures  S^™  in  leugtli, 
1"""  in  width  across  the  body  whorl.  Whorls  three  or  four.  lU  gen- 
eric characters  are  not  certain,  as  the  forms  thus  far  met  with  are  inter- 
nal casts. 

Gfiiiia  MODIOMORPHA. 

40.  Hodlomoipba  (?)  Cbemoa,  ii.Bp, 

Tjength,  2""";  width,  Ij"'",  Beaks  anterior,  elevated  over  the  hinge 
line,  and  apices  appreased ;  anterior  ligament  pit  short, posterior  long, 
reaching  nearly  to  posterior  extremity  of  the  shell.  Surface  marked  by 
low,  concentric  ridges  of  growth. 

GoHus  SPIRIFEHA. 

41.  Spliifera  Belphegot,  u.  ap. 

{Plate  III,  Fig.  13.) 

Ventral  valve  measures  6"""  in  its  greatest  width  and  ij""  fW>m  ape.\ 
to  anterior  margin.  Beak  prominent,  arched  and  incurved  over  the  car- 
dinal area.  Iliuge  line  l^*"'"  long,  or  otie-fonrtb  tbe  width  of  theshell. 
From  the  extremities  of  the  hinge  lino  the  margins  round  gradually  tn 
the  lateral  extremities.  Tliesurfaee  niarkeil  by  14-16  very  distinct  plica- 
tions, the  strongest  uf  which  run  almost  to  the  apex.  Medial  sinuK 
tmnwl,  tnoasunngl^'""'  on  tbe  anterior  margin.  Tbe  cast  shows  that  thi' 
(114) 
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cardinal  processes  are  loiig,  exteuding  one-ttiird  the  IcQgtli  of  the  shell, 
said  are  snbparallel.  Dorsal  ralve  elevated  along  medial  fold,  depressed 
OD  tbelHteral  portions,  witU  10-12  elevated,  radiatiug plications.  Beak 
slightly  elevated  ami  closely  incurved,  I  have  only  interior  casts  of 
these  shells,  the  surface  of  whi<ih  shows  characteristic  markings,  which 
were  probubly  also  the  iiinrkiiigsof  the  exterior  of  the  original  test,  as, 
whei-ever  in  any  of  tliette  fossils  from  the  pyrite  the  test  has  been  pre- 
served, it  is  seen  to  be  extremely  thin  and  delicate.  Both  valves  are 
marked  with  the  finest  radiating  tines,  which  are  equally  strong  on  the 
plications  ami  sinnses.  This  species  is  the  largest  from  these  pyrite 
nodules,  and  is  not  common.  The  figure  shows  the  ventral  valve  ten 
times  enlarged,  but  1  have  not  been  able  to  obtain  a  satisfactory  draw- 
ing of  the  dorsal  valve. 

42.  Spirifera  Pinto,  n.  ap. 

(Pinto  HI,  Fig.  la.) 

This  is  quite  an  abnodant  species,  which  differs  from  the  foregoing  in 
htze  and  in  several  surface  features.  The  ventral  valve  measures  3^""^ 
in  diameter  and  2^"""  from  apex  to  anterior  margin.  Beak  slightly 
iirehed  and  incurved,  and  the  slo[)e  to  the  anterior  margin  is  very  gradual. 
Medial  sinus  wide,  angled  iit  the  bottom  and  smooth,  on  each  side  be- 
ing eight  or  nine  slightly  augulatcd  plications.  Cardinal  area  low  and 
short,  and  evenly  rounding  on  the  extremities  to  the  anterior  margin. 
Oanlinal  processes  long,  slightly  diverging,  between  which  ties  a  short 
mesial  process.  Dorsal  valve  somewhat  flatter,  with  a  low  medial  fold 
and  5-7  radiating  plications  on  either  side  of  it.  The  surface  of  the 
shell  shows  no  ornamentation.  These  shells  will  be  discriminated  from 
the  foregoing  siiecies  by  their  size,  which  varies  but  little. 

Genus  LEI0RHYNCHU8. 

43.  Leiortiyncliua  (?)  Haoate,  u.  aji. 

(PUC«  III,  Fig.  14.) 

I  refer  to  this  genus  the  most  abundant  of  these  fossils.  The  shell  is 
orbiculnr;  width,  2""".  Ventral  vahe marked  with  a  broad  t^entral de- 
pression running  from  beak  to  anterior  margin,  the  bottom  of  which  is 
somewhat  flattened  and  divided  into  two  low  ridges  by  a  central  shal- 
low sulcus.  On  either  side  of  the  depression  are  to  be  counted  five 
rounded  plications,  whicib  become  obsolete  before  reaching  the  beak. 
Beak  elevated,  ventrieose,  and  arched  over  the  hinge  line.  Area  high. 
Dorsal  valve  moredepressed,  with  a  correst>onding  number  of  plications ; 
beak  depressed.  On  the  ventral  valve,  cardinal  processes  prominent, 
diverging.  On  dorsal  valve  mesial  process  discernible.  Surface  free  of 
sculpture. 

(03) 
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GenuH  CHONETES. 
■  Ctaonetea  lepida. 

Ckonetea  lepida  Hall. 

I  liave  one  speciiiiuu  of  tliis  spcuieii  from  Bristol  Center,  the  only  pre- 
viouBly  ilescribed  specits,  to  my  knowledge,  occnrring  in  these  concro- 
tioDS.  TUis  specimen  measures  S"""  wide  and  3J'""  long,  which  is 
aboat  the  normal  size  of  the  shell  us  it  occurs  in  the  Marcellua  shales. 

Here  in,  thns,  n  fauna  which  is  entirely  in  harmony  with  the  charac- 
ter of  the  fauna  of  the  Hamilton  group,  and  yet  eotirely  discordant  with 
the  fauua  of  the  Geue»ee  rocks  which  contain  it.  The  qoestioa  of  its 
origin  and  the  uatureof  thesea  in  which  it  flourished,  the  reasons  forits 
occarrence  only  with  the  pyrite  segregations,  and  the  possible  effects  of 
its  environment  upon  it,  are  not  easily  to  be  determined.  The  extreme 
miiiuteuess  of  the  fossils  enhances  rather  than  lessens  the  interest  at- 
taching to  them.  The  inclination  which  I  had  at  first  to  regard  them 
as  only  young,  immature  iudivjduals  of  known  Ri>ecies,  was  soon  over- 
come by  the  thonght  that  there  are  no  fo.ssils  known  in  the  group  which 
could  serve  as  adult  forms  to  such  embryos.  On  account  of  similarities 
in  some  features  with  species  of  the  Hamilton  shales,  as  those  existing 
between  Spirifera  Belphegor  and  8.  Clintoni  H.;  8.  Plttto  and  S.  Tul- 
lio  H. ;  Orthocerm  MepkUto  and  O.  ejeile  H. ;  0.  Steboa  and  O.  Thoas  U. 
.and  0.  nuntium  H.  There  is  also  »  temptation  to  assume  that  the 
fauna  is  an  abnormal  and  aborted  survival  of  the  fauna  of  those  shales. 
It  may  be  very  probable  that  such  was  the  origin  of  this  fauna,  but  in 
assuming  that  the  species  have  been  in  any  degree  aborted  by  their 
peculiar  environment,  it  is  necessary  to  bear  in  mind  the  coexistence 
of  Choneiea  lepida  in  its  normal  full  size.  The  nodules  of  pyrite  con- 
taining the  fossils  are  not  infrequently  quite  isolated,  and  yet  where  they 
have  been  found  to  be  most  abundant,  namely,  in  the  gulli^  at  Bristol 
Center,  they  occur  in  such  a  manner  that  though  they  are  generally  quite 
diBCOQoected  tcora  one  another,  th-iy  can  be  traced  for  some  distance 
lying  in  the  same  horizon  and  at  perhaps  a  distance  of  a  foot  or  two 
above  or  below  a  similar  layer.  In  some  instances  the  pyrite  may  be 
seen  extending  for  a  distance  of  several  feet  as  a  continuous  lenticular 
mass  an  inch  in  thickness. 

These  masses  and  nodules  are  not  solid,  compact  pyrite,  bnt  are  com- 
posed of  little  baits,  strings,  and  twigs  of  pyrite,  such  forms  as  the  con- 
creting mineral  is  apt  to  assnme,  and  among  these  lie  fhe  Uttle  fossils, 
all  being  cemented  together  by  carbonate  of  lime  and  silica.  On  being 
digested  in  acid  the  parts  become  loosened  and  the  fossils  may  be  taken  out. 

I  think  we  may  interpret  these  phenomena  thus:  TThis  little  asso- 
ciation of  species,  survivors  of  some  old  fauna,  was  peculiar  to  limited 
areas  over  the  bottom  of  the  shallow  Genesee  sea,  where  decomposition 
of  organic  matter  was  in  |>rogress  on  a  large  scale,  by  means  of  which 
the  iron  sulphate  in  the  sea  water  was  generally  deoxidizwl.  Every 
((16) 
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ehaage  of  location  of  these  Hreaa  of  decomposition  carried  with  it  the 
little  fauna  until  a  considerable  thiuknesa  of  the  mud'of  which  the  Gene- 
see shales  are  built  dejiOHited  over  and  aboat  these  spots.  Bat  with 
this  hypothesis  wa  wonlit  expect  that  these  species  would  have  occa- 
sionally strayed  into  contiguous  sediments,  or  have  become  entangled 
by  them,  though  as  far  as  m;  observation  has  gone  this  does  not  seem  to 
be  the  case.  Further  investigation  and  study,  however,  is  desirable  in 
this  direction. 

RESUME. 

Forty-tbree  sp^ies  constitnte  the  described  founa  and  flora  of  the 
Genesee  rocks  of  Ontario  County  Of  these  forty-three,  twenty-eight 
have  been  added  to  the  list  as  the  result  of  these  investigations,  and 
there  still  remain  in  mypossessiouanutnberof  undeterminedPelecypoda. 
To  this  list  we  must  add  twelve  species  identified  by  other  authors  from 
the  State  of  New  York  (eight  of  which  are  "  Couodonts,''  described  by 
Hinde),  and  the  number  of  known  species  stands  at  lifty-flve.  Eleven 
of  these  had  pre-existed  in  the  fauna  of  the  Hamilton  shales,  viz. : 

1.  Polnijnaihux  Uttbius  ^iuiie.  I    7.  rteurotomaria  rugulata  Hall. 

2.  Polffgnathng  priiiccpn  HinAe.  8.  Pleitrotomaria  Itya  var.  tenui- 

3.  QoniatiteH  dUcoideus  Hall.  I  itpira  Hall. 

4.  Goniatilencoinplanatus  Hall.  |    !>.  Chonetes  lepida  Hall. 

5.  Styliola  fissnretla  Hall,  10.  Chonetes'setigera'S.&W. 

G,  Te^itacuUteg  ijriicilistriatns  KM.   j  11.  Ca.rdiolaretromtriatay.'Qaeh. 
The  following  sixteen  paRs  into  the  Naples  shales: 

1.  PoJygnathiu  iubiita  JiiaAei.  9.  StyliolajitsureilaKM. 

2.  Prioniodits  spicaiKs  liinAc.  '  10.  TenlacuUte* ^rcunlistriatusBaW. 
.'!.  Paleoniscux  Devonicus  D.  »p.  .  II.  Lunulacardium  fragile  ^alX. 

4.  Goaiatiles  dincoideva  Hatl.  ■  13.  Cardiola  reiroitriata  v.  Buch, 

5.  QoniatiUgcomplunaUi^liAU.  |  13.  M elocrinus  CUirkei  W\\\iam». 
G.  Qomatiteg  Patergoni  Hall.  ,  14.  LepidodendranprimaiBum'^g. 
7.  Orlhoccran  pacntor  Hall.  15.  Lepidodendron  Oaepianum  Dn. 
$.  C'okoluH  acicutum  lla\\.  |  16.  Cychsti^a  afflne  Davaon. 

The  following  eleven,  making,  with  the  "  Pyrite  fauna,"  twenty -two 
K)>ecies,  remain  ]>ecnliar  to  it,  uot  passing,  as  far  as  known,  beyond  its 
limits: 

1.   Dinicthyf  y^ewberri/i  u.  Ri>,  6.  Lingula  ^atulata  K&ll. 

li.   Ceratiocnris  longicandiia  Hall.  J.  TAngula  eoncentricn  Vanuxem. 

a.  Gomphoeeras  mantg  Hall.  8.  Diacina  Lodensis  Vanuxem. 

4.  Bellerophfrn    atriatuit    Feniasiic      !l.  Calamites  inornatus  Dawson, 
and  d'Orbiguy.  10.  KachioptertH  pinnata  Tta-waon. 

r».  LeiorhynckuKqvttdrieoHfatiiBX&a.    11.  Cladoxylon  mirabile  ITuger. 

The  Trmmtion  Shahf. — The  shales  of  the  Ocucsee,  properly  m  called, 
pass  upward  into  a  narrowband  of  strata  similar  ti' thCDi  in  clastic 
liull.  16 li  (07) 
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stractiire,  measuring  from  30  to  CO  feet  in  thickness,  and  this  bed 
I  have  previously'^  designated  as  the  Transition  Shales,  intending 
thereby  only  to  characterize  them  us  strata  containing  a  fauna  which 
shows  a  well-marked  transition  from  that  of  the  Genesee  to  that  of  the 
Kaples  shales.  These  passaf^e  beds  have  more  than  a  merely  local  de- 
velopment in  Ontario  County,  as  they  extend  westward  through  the 
county  of  Livingston  to  the  Genesee  Kiver,  especially  well  develope<I 
as  a  mass  of  slightly  arenaceous,  dark  shale  at  Woodville,  on  Oauan- 
daigua  Lake  and  at  Bristol  Center.  I  have  found  the  same  at  Hem- 
lock Lake,  and  indeed  wherever  it  has  been  possible  to  find  a  profile 
showing  the  janctiou  of  the  Genesee  and  ^Naples  shales.  The  faaua  is 
quite  sparse  and  is  a  commingling  of  species  which  in  tfacir  best  devel- 
opment are  characteristic  of  both  the  overlying  and  underlying  strata. 
Lunulicardium  fragile  H.,  a  diagnostic  Ibssil  ofthe  Genesee,  is  extremely 
abundant;  Coleolua  aciVHfiiut  H.,  which  occurs  rarely  in  the  Genesee, 
bat  is  very  abundant  and  chariicteristio  of  the  N^aples  shales ;  Cardiola 
retrostriata  v.  Bucb,  of  the  Naples  shales,  Ooniatiteg  complanatvs  H., 
which  culminates  in  the  Xiiples  simlcs;  Sti/liola  JUsurella  H.,  common 
fixim  the  base  of  tbo  Hamilton  to  tbo  base  of  the  Chemung,  but  which 
calminates  in  the  Genesee;  Plfttrotomaria  capiliaria  U.,  of  the  Hamilton 
and  Naples  shales,  and  a  Pleurolomaria  of  nndescribed  species,  occnrring 
in  the  Naples  shales  are  all  to  be  found,  and  this  list,  as  fur  as  known, 
constitutes  the  fauna  of  these  beds.  The  small  fauna  is  of  such  a  mixed 
character  that  it  cannot  satisfactorily  be  referred  to  either  the  Genesee 
or  the  Naples  shales,  and  yet  ou  account  of  the  predoiniuance  of  Xuit«/i- 
cardium  fragile  sin(\  of  thei)e.trographicaI  character  of  the  beds  it  is  better 
left  under  the  Genesee  epoch." 

'"Am.  Jonr.  Sci„  Vol.  XXV,  p.  120,  IWrO. 

'^It  IB  necessary  liere  to  pniplinHixH  (lie  fact  tliat  tliexe  fossils  whii'h  are  to  be  foQnd 
ia  an;  or  all  of  the  horieoua  of  the  lower,  midillo,  »diI  upperMiddle-Devoninu  do  iiot 
]oae  tbeir  diagnoHtit:  qualltiea  for  tlio  tiorizoiis  in  whirh  they  cukituate  oa  sccoant  of 
thia  wide  vertical  iliBtillmtion.  That  is  to  wiy,  Hint  ftltlioiiRh  Cardiola  retrotlHata 
oucun  in  the  Marcollus,  Haiuitton,  ami  Geni-Jiee  roukH,  it  is  eztreioely  rare  at  thoise 
hoiizona,  and  althongli  GoHiatitci  complaHatut  is  to  bo  found  in  the  Hamilton  dliakii. 
It  is  not  a  common  or  dtaraRturiatiu  fossil  as  it  is  in  tbo  Naples  sbalet.  LtniMlioanliam 
fragilt  bas  beea  fonnd  in  the  Naples  sbaies,  but  it  is  very  rare  and  is  diagnostic  of  tbe 
Qeneane,  where  it  culminatea. 
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THE  PETEOGRAPHIC  AND  PAiEONTOLOGIC  CHABACTERS 
or  THE  NAPLES  BEDS. 

TYPICAI.  EXPOSUBE8. 

[Thaw  ■hoi.lDft  ihu  bUumlDDag  beds  tie  in  Italica.  | 

1.  In  tbe  tonii  of  Naiilro,  the   I'arrM,  Caiilkine,  Clarke,  Snyder,  BartTanft,  Grimet, 

and  Tannerf  Oalliea. 
S.  Id  thfl  town  of  Soatb  Bristol,  tho  Cook,  Laphant,  Mojicetl,  and  tTalton  GalHes. 

3.  In  tlio  town  of  Brialiil,  thu  "  Jllactamilh"  and  Ration  GiilliM. 

4.  On  Iloneoye  Luke  tlie  Byigga  und  Hnmiltou  GulIieB. 

5.  In  the  town  of  Italy,  Yatea  County,  the  Clark  Gully  and  Wlinle's  Back,  on  Canan- 

dai);tia  Lake. 
G.  On  Cttshaqua  Crei-t,  Livingston  County,  near  tlie  Shaker  Settlement. 

7.  In  tUe  loivn  of  .Sparta,  Liviognton  County,  on  the  Delaware,  Lockaivanna  and 

WPBtern  Kailioad. 

8.  On  tbe  Genesee  River,  below  Monnt  Morria,  Liviiigat-on  County. 

Ill  tlie  Report  on  the  Geolopy  of  tbe  Fourth  District  of  New  York,  1843, 
Mr.  Hall  Oescribed  a  series  of  sitiilcfl,  flags,  and  sandstonesiiiiinediately 
overlying  the  Genesee  shales,  nnder  the  name  of  the  Portage  or  Nnnda 
Group,  giving  it  this  name  on  Hccount  of  "its  euperior  development 
along  the  banks  of  the  Genesee  River,  in  the  district  formerly  included 
in  the  town  of  Nimda,  now  Portage."  The  term  Nnnda  soon  fell  into 
disuse,  and  the  Portage  Grouii,  as  it  has  ever  since  been  known,  was 
subdivided  into  three  parts,  the  first,  at  the  base  and  immediately  over- 
tying  tbe  Genesee,  the  Cashaqua  Shale,  so  calle<l  "from  its  perfect  de- 
vflopmeiit  ujion  the  (.'ashaqna  Creek,"  in  Livingston  County,  where,  ac- 
cording to  the  deseriptiun,  it  consists  of  a  "soft  argillaceous  rock  of 
a  green  color,  ntpidly  crnnib!iug  on  exposure  aiid  formiug  a  tenacious 
clay."  At  other  localities  the  rock  consisted  of  "  a  green  shale,  with 
thin  flagstones  and  interlaminuted  sandy  shale."  .  The  second  subdi- 
vision w;is  the  Gardeau  Shales  and  Flagstones,  so  called  "from  their 
great  es|»osurL'  iiloiig  the  Gardcan  Reservation."  The  rocks  here  con- 
sisled  of  "  alternations  of  green  slaty  and  sandy  shale  with  black  slaty 
shale,  and  one  or  two  thin  courses  of  sandstone  occurring  iu  tbe  space 
of  4  or  5  feet.  As  we  ascend  the  arenaceous  matter  increases  in  quan- 
tity, tbe  layers  are  thiclser  and  more  numerous,  and  the  shale  forms 
distinct  alternations  of  black  and  green,  often  many  times  in  succession, 
w  itbin  the  space  of  30  feet.  Toward  the  upper  part  the  courses  of  sand- 
stone become  too  thick  for  flagstones,  and  the  shale  is  in  thickermasaes 
than  below."  Tlie  third  subdivision  was  the  Portage  Sandstones,  de- 
scribed as  thick  bedded  sandstones,  with  occasional  alternations  of  shale 
toward  the  base. 

(69)  86 
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To  the  entire  Portage  grou{>,  includiog  these  three  subdivisions,  a 
thickness  naa  ascribed  of  not  less  thaD  1,000  feet  along  the  Grenesee 
Biver.  More  recently  Mr.  Hall"  lias  written  that  the  black  Blat«eof 
the  Genesee  are  "  succeeded  by  »  green  or  olive  slate  or  shale,  followed 
by  successive  alternations  of  black  and  greenish  shales,  and  alternately 
shales  and  flagstones,  and  flually  luavy  bedded  sandstones  with  inter- 
mediate arenaceouK  shaly  partings.  The  Genesee  slate  has  been  re- 
garded as  constituting  beds  of  passage  to  the  next  formation,  known  as 
the  Portage  group,  and  this,  as  well  as  the  succeeding  shale,  carries  a 
few  fo!(sils,  which  are  likewise  known  in  the  Hamilton  group.  The  en- 
I'.n:  forinuiii)ii,coi)Kii!iting  ot'sliules  and  sandstones,  and  having  a  thick- 
ness of  ii  thousitud  leel  or  luore  in  Ceutral  Kew  York,  diminishes  like 
other  Ktrata  in  ii  westerly  dirictiou.  On  tbe  shore  of  Lake  Erie  it  has 
becoint^  a  succession  of  green  and  black  shales  and  sandstones,  with 
here  and  there  a  lonlicnlar  mass  of  heavy-bedded  sandstones,  vitli 
abnndant  coitcrotions  and  not  infrequently  with  lenticular  masses  of 
calcareous  matter." 

This  eutire  Portage  group  is  now  regarded  by  Hall  and  Daus  as 
cnnslituiing  the  earlier  epoch  of  the  Cbemung  period. 

In  Ontario  County  tbe  entire  series  of  Portage  strata  is  verj'per 
fectly  developed,  reiicliiuf;  a  thiukuess  of  between  800  and  1,000  feet, 
with  many  flue  e.\posun^s;  and  ftx>m  my  study  of  its  development  here 
and  ill  the  adjoining  counties  of  Livingston  and  Yates  I  present  in  what 
follows  my  evidence  for  regiirding  the  Portage  grou]),  as  it  is  now 
limited,  as  a  heterogeneous  coinbiuutiou  of  faunais,  tbe  earlier  of  wliicli, 
that  contained  by  the  Casliaqua  Shiiles,  iind  tbe  Gardeau  Shales  and 
Flags,  belongs  with  Ihc  fauna  of  tbe  Cenesee  Sbales,  and  the  later, that 
of  the  Portage  sandstones,  to  the  beginning  of  the  Chemung  period." 

Tbe  order  of  sucueKi»ion  of  these  strata  iu  Ontario  County  is  as  fol- 
lows: 

1.  Soft  olive  green  and  grayish  shales,  with  occasional  thin  flagstones. 
Thicljness,  from  10  to  ir>  feet. 

'J.  IlliKk.  very  bituminous,  shides,  at  the  base  easily  cleavable  into 
large  ttlate-Iiku  fragmeuts,  higher  up  much  more  compact  and  like  the 

"Pal.N.  Y.,  Vol.  V,  I't.n,  1..  ir.l.IhT'J. 

'■'TliB  ti-nii  NajilcH  Ueda  tir  Naples  Shales,  by  which  I  have  here  proposed  to 
<]ci'i;;tiat«  tlio  CHr-haiiim  .iiid  Gnrtlenii  wries,  is  UB6d  artviswUj  and  in  arconlUKP 
with  the  prMfdcnt  of  uitoiiting  local  DameB  fur  format ioon.  M,v  imwillingm-M  todu- 
oanl  liiHti>ric  iuumch  Iml  nm  loarteuipt  iiiiiliug  Ihi*  tiro  nnmpH  Cashaqaa  and  Gatdeau 
into  Cnith.iiiiia-Gimlpuii  fJronp  {ianamiich  as  there  xcvms  uo  paleoutological  evideim- 
•  horn  for  Ilio  m-|>ariil ion  iif  rhu  two),  bnt  bo  inicoiUli  and  unwieldy  a  name  was  wt- 
eidal,  ninl  I  liavc  Bnlii.t,itnte<l  for  it  tho  uriti  Naples  Beds,  from  the  town  of  Naples, 
Oatariu  Cuuiity,  wliero  tliB  sections  arc  very  ptrfett,  ami  whcr«  llie  bi-dn  havo  been 
most  cnruriilly  utiidiuil.  Tho  anthor  dots  not  luuau  to  a8i>uui<>,  tii  the  absenw  of 
ooniplett:  i-viduuue,  ajiplii  iiiiility  for  this  xnlnlivisiott  oiifHide  of  tlie  tiirtriot  here  di»- 
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dpna«3t  lajera  of  the  Genesee.    Tliickiiess,  about  40  feet    This  layer  1 
have  termed  the  Lower  Black  Band. 

3.  AlternatioDs  of  greeniali  and  drab,  soft  shales,  with  sandy  shales 
and  occasional  flagstones,  and  with  abundant  spheroidal  and  fantasti- 
cally-shaped calcareous  concretions,  sometimes  occurring  in  layers,  often 
isolated.    Thickness,  not  less  than  150  feet. 

4.  Black  shales,  in  places  quite  bituminous;  the  Upper  Black  Band. 
Thickness,  from  5  to  10  feet. 

5.  Flagstones,  and  at  the  top  heavier-bedded  sandstones  with  occa- 
sional alternations  of  sandy  shales.     Thickness,  abont  150  feet 

This  thickness  includes  all  the  rocks,  as  far  as  it  is  possible  to  judge, 
nhich  were  ascribed  by  Mr,  Hall  to  the  Cashaqua  and  Gardeau  subdi- 
risions,  and  it  is  quite  possible  some  of  the  strata  which  under  his  ctassi- 
flcation  belonged  to  the  Portage  sandstones.  It  was  naturally  difficult 
to  assign  definite  limits  to  these  subdivisions,  as  they  constantly  vary 
in  thickness  in  passing  from  east  to  west,  and  in  a  great  thickness  of 
conformable  shales  and  sandstones  it  is  often  quite  impoHt>ibIe  to  draw 
fixed  planes  of  division. 

This  series  of  strata  carries  us  to  the  lowest  horizon  of  the  Chemung 
rocks,  that  is,  to  the  ho'rizoD  of  the  first  fossils  which  belong  to  the 
Chemung  fauna.  The  separation  of  Cashaqua  and  Gardeau  strata  is 
not  a  good  one  petrographically,  as  the  entire  series  of  strata  from  the 
top  of  the  tramitian  shales  to  tha  base  of  the  Portage  Sandstones  shows 
only  a  gradual,  though  regular,  transition  from  the  shaly  sediments  below 
to  the  sandstones  above. 

In  the  order  of  succession  given,  the  shales  included  in  subdivision  1 
contain  Cardiola  retrostriata  in  great  abundance,  Ooniatites  complanatus, 
Linulicirdium  acutiroatrum,  L.  ornatvm,  Cardiomorpka  suborbicularig. 
In  subdivision  3  the  softer  shales  contain  the  same  species,  and  a  large 
uDDiber  of  others.  Indee<l,  it  is  here  that  the  fossils  of  the  group,  never 
very  abundant,  have  been  mostly  found.  One  may  search,  as  Mr.  Hall 
has  said,  an  entire  day  in  these  rocks  and  find  nothing  or  but  very  lit- 
tle, and  though  some  species  are  very  widely  distributed  and  in  places 
quite  abundant,  e,  g.,  those  just  mentioned,  the  entire  group  is  to  be  re- 
garded as  comparatively  barren  of  organic  remains.  At  the  beginning 
of  these  investigations  only  twenty  one  species  had  t>cen  described  ftom 
the  Portage  group,  a  number  which  is  now  increased  to  seventy-four. 

The  Bitvminoiis  Shales. — These  beds,  which  occur  in  two  fairly-well  de- 
fined horizons  in  Ontario  County,  as  I  he  Lower  and  Upper  Black  Bands, 
retain  their  persistence  into  the  county  of  Livingston,  the  Upper  Band 
being  finely  developed  in  the  township  of  Sparta,  along  a  cutting  on 
the  Delaware,  Lackawanna  and  Western  Railroad,  and  also  1^  miles 
south  of  the  Shaker  Settlement  on  Gashaqua  Creek.  Further  west  they 
lose  their  pei-sistency  and  become  a  series  of  thin  beds  alternating  with  the 
greenish  shales  and  flagstones.  The  Lower  Band  has  afforded  but  very 
few  fossils,  some  undetermined  ganoid  scales  from  Snyder  GnUy,  in  Na- 
(71) 
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plee,  with  Qoaiatite*  Ghemung<-Hiiin  \\.  rar.  In  tlicKuuiesrrnt'n,  ntBristoI, 
1  havefouud  Spathiocaria  Ememoni  Clarke,  and  some  utideti.'riuiiit!(1  i»liie- 
oderm  plates.  Tbe  Upper  Band  is  somewhat  richer  in  orgauic  remains, 
and  has  ftfforded  from  Kaplea,  S.  JSmtrgoni  Clarke,  Polygnathiu  dabimt 
Hinde,  Prioniodus  spicatus  Hinde,  P.  erraticas  Ilinde.  These  species  of 
OonodoDts  are  comparatively  abuodant  in  I^'aples,  at  the  foot  of  Hatch 
Hill,  where  they  are  associated  with  large  quantities  of  vegetable  re- 
mains, apparently  tbe  stipes  of  fern»,  and  accompanied  with  very  much 
pyrite.  They  alpo  occur  at  Sparta,  in  the  same  horizon.  At  Sparta 
occur  also  the  following : 

PaUoniscva  Devonicvs,  n.  sp. 

Acanthodeg  pristtK,  n.  sp. 

Lepidodendron  primavum  Bogers. 

L.  Qaspianum  Dawson. 

Cydostigma  affine  Dawson. 

Sporangifes  ffvronentis  Dawson. 

Various  aDdetermiued  fish  remains. 

The  Goniatite  Cnitcretionary  Layer. 

This  is  au  unui^ually  interesting  stratum,  which  lies  at  an  elevation  of 
aboat  150  feet  above  the  top  of  the  transition  shales.  It  is  lately  cal- 
■  careens,  with  a  considerable  intermixture  of  silica  and  alnmina,  and 
a  freshly -broken  surface  shows  compact,  evenly -grained  structure,  like 
phtbanite,  gives  a  dark  or  sometimes  bright  red  color  mixed  with  con- 
siderable green,  and  passing  usually  at  the  surface  into  a  light  gray. 
lu  Parrisb  Gully,  Naples,  CO  feet  above  the  first  outcrop  at  its  entrance, 
where  is  to  be  fonnd  the  best  exposure  of  the  rock,  the  stratum  which 
has  been  denuded  of  its  overlying  shales  by  the  water  ot  tbe  gully- 
stream  shows  tbe  peculiar  surface  of  a  concretioDjiry  lajer,  looking  as 
though  it  had  been  kneaded,  and  where  tbe  shales  overlie  or  underlie 
in  the  adjoining  banks  it  is  noticeable  that  tLoy  conform  to  this  irreg- 
ular surface.  This  concretionary  tendency  was  so  general  at  tbe  lime 
of  ihe  formation  of  the  layer  tbat  the  stnitum  itself  is  to  be  regarded 
as  a  concretionary  mass,  rather  than'  a  mass  of  concretions.  From 
Parrish  GuUy  it  can  be  traced  southward  to  Caulkins  Gully,  and  on  the 
opposite  (west)  side  of  the  Naples  Valley  Mr.  Luther  has  observed  it  in  the 
Clarke  Gully.  In  all  of  these  outcrops  the  rock  retains  its  characteristic 
color,  contains  considerable  pyrite,  but  in  its  distribution  loses  some- 
what of  its  silicious  character  and  becomes  more  readily  separable^ into 
the  individual  concretionary  masses  of  which  it  is  comiwsed.  Tbe  rock 
is  extremely  tough  and  hard  to  work,  and  plays  havoc  with  hammers 
and  chisels.  Tbe  layer  has  a  thickness  of  8  inches  or  a  foot,  and  is 
immediately  overlain  by  a  bed  of  soft  sLaleu  with  a  thickness  of  4  feet, 
filled  with  separated  concretions  molded  into  a  great  variety  of  ftin- 
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tastiu  Bliapes,  aud  which  wben  broken  show  often  the  red  and  green 
tints  of  the  layer  below.  These  |>eciiliiii'it  ies  of  color  and  atroctare  Id 
these  layers  have  not,  aa  far  as  I  know,  been  noticed  elsewhere  in  the 
Aaierican  Devonian,  but  they  are  very  forcibly  euggestive  of  the  red- 
dish, greenish,  and  grayish  concretionary  Kramenzelkalk  of  the  Rhine 
Provinces  and  Westphalia.  This  similarity  is  so  marked  that  a  person 
familiar  with  both  the  Kew  York  and  thi>Genii;in  rocks  niighteasilycon- 
fouud  hand  apecimens  without  fossils,  from  tliediflfereut  countries.  Espe- 
cial emphasis  is  to  be  laid  uiKtn  this  resemblance  on  account  of  the  na- 
ture of  the  fauna  which  this  Naples  formation  contains.  It  is  indeed 
insigniflcant  in  its  development  compared  with  that  of  the  Kramenzel- 
kalk or  of  the  Goniatitenschichten,  but  uowhere  above  the  Marcellus 
shales  of  the  lower  Middle-Devonian  aiv  Goniatitesso  abundant  ait  here. 
This  is  an  abundance  in  individuals  and  not  in  species,  bnt  nowUei:!^  in 
the  Upper  Devonian  of  America  are  Goni»tiies  to  be  regarded  as  abun- 
dant fossils.  Here  occur  the  specirs  Gonialitex  Patenoni  U.  (cf.  O.  intwm- 
eacena  Tleyr.),  0.  diseoideui  II.  (cf.  0.  simplex  v.  Buch),  and  Q.  stnuosvs 
H.,  in  comparatively  great  almndiince  aud  generally  having  served  as 
nuclei  for  the  concretionary  musses.  These  features  have  a  marked 
beating  upon  the  parallelism  of  the  American  and  German  Upper  Devo- 
nian, and  it  seems  evident  that  the  same  environment  which  produced 
in  Germany  the  Flinz  and  Knotenkalk  of  the  lower  Ppi>er-Devonion 
aud  the  Kramenzelkalk  of  the  higher  Uiiper-Devoiiian  produced  this 
concretion  a  rj-  layer  also  in  the  upper  portion  of  the  lower  Upper-Devon- 
ian in  Ifew  York.  Eecently  F.  Iloenier  has  noted  {Zeitsch.  d.  deuUch. 
geolog.  (Jewell.,  Vol.  XXXI,  p.  (wO)  the  occurrence  in  Lower  Dunscombe, 
Devonshire,  of  a  slight  development  of  a  Sierenkalk  with  Oontatiles 
inluincxceiiH  and  other  fo.ssit.-.  oci-itning  in  the  fauna  of  the  Goniatiten- 
sc1iicliteii,ii  fHCt  which  beiiis  out  t  lie  supposition  that  we  may  have  here  iu 
New  York  Ihe  reuiotest  westwunl  extension  of  the  Goniatitenschichten. 
This  layer  contuiuf:  the  following  fauna : 

1.  Ooniaiitea  diaeoidem  HaU.  '  7.  TentucuHlesgraciUstriatua'B&ll. 

2.  0.  Fateraoni  Hall.  8.  Buompkalua  planndiaeua  Hall. 

3.  Q.  ainvboaua  HalL  9.  Lojconema  Noe  q.  sp, 

4.  Orthocerat  pacator  \i&\\.  10.  I'latyoalomaminutUaimaa.sp. 

5.  Coleohia  aciculum  iiM.  '  11.  Cardiola  refroatriata  v.  Batih, 

6.  StyUolnJUsurella  Hall.  | 
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REVIEW  OF  THE  FAUNA  AND  FLORA  OF  THE  NAPLES  BEDa 

PISCES. 

"CONODONTS." 

In  the  present  state  of  oar  knowledge  of  these  bodies  it  is  not  possi- 
ble to  assigu  them  an  exact  position  in  a  zoological  classification.  The 
original  species  early  described  by  Fauder  from  the  Lower  Silurian  of 
Hussia  were  regarded  as  tlie.teeth  of  minate  fishes,  a  conclusion  n-hich 
haa  been  supported  by  Newberry,  Iliude,  and  Nicholson.  Similar 
bodies  from  the  Lower  Silarian  have  been  regarded  by  Harley  (Quar. 
Jour.  Geol.  Soc.,  Vol.  XVII)  aa  the  spinous  attachments  of  crustacean 
segments.  Einde,  James,  and,  earlier,  Grinnell  have  described  allied 
forms  from  the  Silurian  and  Middle  Devonian  a»  teeth  of  annelids. 
The  microscopical  study  of  the  structure  of  these  bodies  by  Qinde 
(Quar,  Joar.  Geol.  Soc.,  Vol.  XXXV)  makes  it  probable  that,  as  far  as 
the  species  here  mentioned  are  concerned,  they  are  correctly  rei#.rrp<l 
to  the  Myxinoid  fishes. 

G^nus  POLYGNATHUS. 

1.  PolygnatliiiB  dubins. 

^lygnatkux  duUiu  Hinde,  Quar.  Jour.  Geol.  Soc.,  1879,  VoL  XXXV,  p. 
362,  PI.  XVI,  Figs.  6-18. 
Individuals  of  this  species  occur  quite  abundantly  in  the  Upper 
Black  Band  where  it  outcrops  on  Hatch  Hill,  in  Naples,  overhanging 
the  banks  of  the  Naples  inlet,  and  occasionally  in  the  same  horizon  in 
the  town  of  Sparta,  Livingston  County.  They  are  associated  with  large 
quantities  of  vegetable  remains,  presumably  tbe  stipes  of  ferns,  And 
macb  pyrite.  My  material  shows  forms  agreeing  with  some  of  tbe  re- 
markable variations  of  the  species  as  figdred  by  Hinde,  but  are  confined 
to  those  he  has  designated  as  pectinated  and  fimbriated  teeth.  The 
crested  variation  has  not  as  yet  been  observed.  Tbe  individuals  meas- 
ure from  1  to  2™"  in  length. 

Qbdus  PRIONIODUS. 

2.  Priooiodns  erratdons. 

^Prioniodus  erratieus  Hinde,  Qnar.  Jour.  Geol.  Soc.,  p.  359,  PI.  XV,  Fig.  14. 
This  species  is  marked  by  the  comparatively  greater  distance  between 
the  cnsps  than  in  the  former,  and  several  individuals  in  my  possession 
from  Hatch  Hill  agree  well  with  tbe  description. 
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3.  Prioniodiw  qticatoa. 

Prioniodva  yticalm  Hiode,  Quar.  Jour.  Oeol.  Soc.,  p.  361,  PI.  SYI, 
Pigs.  1-3. 

A  single  iDdividual  shows  tbe  strong  termiual  cusp  extending  below 
the  base  of  tbe  tooth,  which  characterizes  the  species. 

These  "  Conodouts,^  although  known  from  various  horizons  from  the 
Lower  Silurian  to  the  Carboniferous,  have  not  been  before  noticed  from 
this. 

Genus  PAL^ONISCUS. 
4.  PalaeonlBCOB  D«voiiicns,  □.  ap. 
(Plate  I,  Figs.  2-6.1 
NnmerouB  specimens  of  individuals  referable  to  this  genus  have  been 
obtained  fh)m  the  railroad  cutting  through  the  bituminons  layers  in  the 
town  of  Sparta.  These  are  usually  fragmentar;,  but  one  individaal 
retains  most  of  the  bod;  in  place  though  the  bones  of  the  head  have 
been  displaced  and  scattered  and  tbe  tail  is  somewhat  crashed.  The 
animal  was  originally  about  IS"™  in  length.  The  cranial  bones,  which 
are  fonnd  abundantly  scattered  through  these  layers,  though  not  as  yet 
found  in  juxtaposition,  with  tbe  exception  of  those  represented  in  Fig. 
6,  are  characteristically  marked  by  punctate  incised  lines  which  ran 
along  tbe  greatest  diameter  of  the  bone,  occasionally,  as  in  Fig.  6,  radiat- 
ing from  the  most  convex  portion  of  the  plate.  It  is  quite  probable  that 
the  plates  in  Fig.  6  represent  the  parietals,  Figs.  4  and  5  the  /rontalg  or 
agnamoaaU.  Associated  with  these  bones  are  many  minute,  shining, 
somewhat  flattened,  conical  teeth,  measuring  ^-I™™  in  length.  The 
scales,  except  those  on  the  dorsal  ridge,  are  IJ""  long  and  §""  wide, 
subrhomboidal  in  outline  and  very  beautifully  sculptured  with  strong 
elevated  striiB,  which  take  their  origin  at  the  upper  forward  angle  and 
pass  obliquely  across  the  Bcalc,  the  forward  edge  presenting  the  ap- 
pearance of  being  strongly  tucked^  These  elevated  strise  become  verj' 
much  stronger  at  the  posterior  edge,  and  in  this  region,  the  upper  por- 
tion of  the  scale  being  left  free  of  striae,  shows  strong  punctate  markings. 
These  pittings  are  also  to  be  seen  in  tbe  farrows  between  the  striee  on 
the  anterior  portions  of  the  scale. 

The  median  dorsal  scales  are  large,  spatulate  in  form,  measuring  SJ"™ 
in  width  anteriorly,  and  narrowing  backwards  to  1^""";  length  4""». 
Sarfece  strongly  punctate.  Dorsal  &n,  somewhat  posterior.  Ventral 
and  anal  fins  not  well  preserved. 

A  single  scale  of  this  species  I  have  also  from  the  Genesee  shales  at 
Glenville,  Honeoye  Lake,  which  brings  the  first  appearance  of  this 
species  to  a  still  lower  horizon. 

Scales  of  Palteonigcun  hare  been  mentioned  by  Hinde^from  theGiene- 
see  shales  of  North  Evans,  Erie  County,  and  Dana''  has  noticed  the  oc- 

"oQoar.  Jonr.  Geol.  Soc,  Vol,  XXXV.      "Mftnnal  of  Geology,  3d  ed.,  1880,  p. 275. 
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carrcnce  of  PaltrimUictia  in  the  Bltiek  sliitlfs  iif  Koiitiick.v,  a  tioriznn 
whicb  correK]>oiiiU  to  tbe  Gfeuesee  shales  of  New  York,  but  I  have  do 
knowledtre  of  the  description  of  the  species. 

F,  Dernnidts  is,  I  hclieve,  the  first  sjiecies  of  this  gonns  <lescribe<l  from 
Devonian  rocks. 

Geuus  ACAKTHonES. 

5.  Acanthodes  (?)  priotia  ii.  fip. 
I  refer  to  tliis  };i'itna  a  sppciineii  from  tlie  same  locality  as  the  pre- 
ceeding,  the  descripMon  of  which  is  jiistilied,  although  the  specimen  is 
fragmcntarv,  hccanse  of  the  c.Yticnie  scai-city  of  icth.vic  reniain.s  in  these 
rocks  which  are  well  enongh  preserved  to  allow  of  identitication.  The 
specimen  consists  of  a  large  portion  of  the  liod.v  of  the  fish,  the  head  :iiiii 
tail  being  lost.  The  scales  are  very  snnill,  measuring  0,.V""'  on  theedce, 
sqnant  or  slightly  subrhomboidal  in  outline  and  one  tbui-tli  as  thick  as 
wide.  The  adjjiceut  edges  at  alxnit  two-thirds  the  distantM^  from  the 
npper  surface  are  strongly  grooved  li.v  a  single  deej)  fuirow.  The  iii)i»er 
surface  of  tho  scales  is  smooth  and  slightly  convex.  lu  the  character  of 
its  scales  the  species  stands  in  harmony  with  the  genns  Araniknde^, 
though  it  is  impossible  to  determine  its  generic  relations  deflnilively 
without  knowing  more  of  its  fins  an<l  head. 

Genna  'I'RISTACANTH  VS. 
I'ristaeanthuii  Agassiz,  Poiasons  Fossiles,  Tom.  Ill,  p.  ;f5,  Tab,  Vllld, 
Figs.  11,  12,  13. 
This  genus  was  founded  by  Agassiz  to  include  a  peculiar  spine  from 
the  Sionesfleld  Oolite  and  the  Calcaire  de  Caen,  which  was  de8cril)ed 
tinder  the  name  P.  Dei-itri-n,  From  the  original  diagnosis  the  following 
arc  found  to  be  distinctive  featuresi 

1.  Tlie  very  thin  and  fragile  substance  of  the  spine, 

2.  Absence  of  any  ornamentation  of  the  surface  beyond  a  very  fine 
granulation.  , 

3.  The  (frrrate  character  of  the  tooth-like  lateral  pntcesses,  which  oc- 
cur only  on  one  side  of  the  spine. 

From  the  upper  portion  of  the  Naples  shales,  near  Milo,  Yalen 
County,  I  have  a  single  spine  wliicli  agrees  with  tliis  genns  in  the  first 
two  particulars,  but  the  lateral  tooth  like  processes  are  not  so  evenly 
serrate  as  in  the  original  species. 

It  agrees,  however,  as  far  as  I  am  aware,  with  no  described  genus  so 
well  as  with  I'ristacanthuJi,  and,i!i  the  opinion  of  Dr.  Newberry,  to  whom 
the  specimen  waa  submitted  foresamiuatioi),mny  be  safely  placed  under 
this  geuns, 

6.  Piistacauthus  vetUBtns,  n.  sp. 

{i'h.ici,i-V'-) 

A  fragment  of  a  spine  measuring  70"""  in  length,  8'"°'  in  width  at  the 

dietal  extremity.    The  jtosterior  edge  is  somewhat  broken  away,  but  it 

(70) 


ci^sM-l  FAUNA   OK   THE    NAPI.KS    RKDS.  43 

appears  from  the  portion  that  remaius  iminjurfd  that  tlm^piiie  tapt'ced 
ver>-  gradually  from  bas«  to  apex. 

The  anterior  edge  bears  fourteen  serrations,  which  are  Rtronger  at  the 
proximal  edge.  These  have  a  strong  backward  hernl,  the  upper  edge 
curving  evenly  outward  and  downward  and  meeting  the  lower  edge  at 
an  angle  of  about  60°.  The  lower  edge  meets  the  margin  of  the  spine 
at  nearly  a  right  angle.  Substance  of  the  spine  exceedingly  thin,  meas- 
iiriug  scarcely  0.02'""',  except  at  the  extremities  of  the  serrations,  where  it 
thickens  to  0  5""".  The  surface  of  the  spine  is  smooth  and  almost  flat, 
showing  under  a  glass  fine  granulations  or  minute  pustulations.  Thi.i 
is  the  only  example  of  the  species  I  have  seen,  and  rcpre.'ientB  the  first 
occurrence  of  this  genus  in  Paleozoic  roclis. 

A  large  number  of  undetermined  scales  and  plates  of  fishes  from  the 
bituminous  layers  at  the  Sparta  railroad  cutting  are  in  my  possession. 

ANNELIDA. 

Genus   SCOLITllUS. 
7.  ScoUthuB  veiticaliB. 

Scolithua  rerticaUs  Hall ;  FncoiilcH  ra-ticalh  Hall,  1«43,  Gool.  N.  Y.,  Snr- 

vey  Fourth  Geol.  Dist.,  p.  24:3, 
Scolithtis  rerticalis  Hall,  1852,  Pal.  S.  Y.,  Vol.  II.,  p.  242. 

In  the  upper  sands  of  the  Naples  shales  and  also  in  the  higher  sand- 
stones of  the  Portage  beds  this  fossil  is  (juite  abundant.  1  regard  it  as 
the  tnhular  boring  of  ^ouie  annelid  rather  than  Ihe  remnant  of  vege- 
table life,  as  the  tubes  usually  show  evidence  of  having  been  filled  from 
the  top  by  sediments  which,  iu  being  carried  into  the.carities,  has  ar- 
ranged itself  in  successive  concave  layers.  Such-worm  borings  occur  in 
varions  horizons  in  Paleozoic  I'ocks.  Mr.  Hall  applied  the  name  Sco- 
Uthus  terticalig  to  similar  tubular  borings  fri>m  the  Medina  sandstone, 
and  as  there  exists  no  appreciable  difference  iu  the  ap^iearauce  of  these 
sinnple  tubes  I  use  the  name  for  the  Na]>les  shales  specimens  instead 
of  retaining  the  doubtfully  valuable  generic  term  Fitcoides. 

CRUSTACEA. 

Geniis  CERATIOCABIS. 
8.  CeratlocariB  Bimplex,  n.  Np. 

iPiat.^  II,  FiK,  a.) 

The  fosailiferons  shales  immediately  underlying  the  concretionary 
limestone  of  Parrish  Oully  ha\c  afi'onled  three  specimens  of  this  species, 
the  mostclearly  defined  of  which  is  shown  in  the  figure.  The  caTApace 
is  somewhat  oval  in  ontline.     At  i's  anterior  extremity  it  shows  a  retral 
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aogDlar  notch,  abore  which  is  it  slf^'lit  proloDgation  in  the  iiie<linu  axis. 
The  dorsal  aud  ventral  edges  show  a  well-dellned  margin,  whicb  is 
someirhat  tliickencd,  giving  a  noticeable  rim  to  tbn  carapace.  Cara- 
pace conrex,  i  ising  uiore  abruptly  from  the  dorsal  margin  and  defl«cted 
gently  to  the  ventral  edge.  So  ocular  node  visible.  Length  of  tbo 
carapace,  flgnred,  30°"° ;  greatest  width,  somewhat  anteriorly,  10™". 

9.  Ceratiaoaiia  B«BClieii,  n-  sp. 

(Plate  II,  Fig.  1.) 

From  the  shales  of  Gashaqua  Creek,  Livingston  County,  I  have  one 
individual  showing  three  abdoiuiual  segments  and  the  caudal  spines. 
These  are  apparently  too  large  to  ref«^r  to  the  foregoing  species,  and  as 
I  have  not  as  yet  observed  the  body-segments  ia  the  layers  in  which  C. 
simplex  occurs,  it  is  necessary  to  regard  this  form  a  distinct  species. 

Of  the  segments  here  preser%-ed  the  first  has  been  somewhat  detached 
from  its  neighbor  and  its  anterior  a  little  broken  away.  What  remains 
measures  6°"°  in  width  and  3-4"""  in  length.  The  next  segment  is  nor- 
mal ID  its  proportions,  is  S"""  in  length  and  5  in  width.  The  caudal 
plate  is  1°""  in  length  and  subtriangular,  from  the  extremity  of  which  is 
prolonged  the  strong  central  caudal  spine.  In  the  specimen  this  spine 
has  been  flattened  horizontally  and  been  given  thus  an  apparently 
greater  width  than  the  lateral  spines,  which  have  been  laterally  com- 
pressed. The  width  of  this  spine  across  the  proximal  end  is  3"",  that 
of  the  left  lateral  spine  2"'™,  and  its  length  la"'™.  A  strong  medial  ridge 
passes  along  the  middle  spine,  taking  its  origin  l""°froni  theedgeof  the 
candal  plate,  where  it  is  quite  strong, and  continuing  through  the  entiru 
length  of  the  spine  as  far  as  visible.  The  left  lateral  spine  also  shows 
evidence  in  the  external  margip  of  such  a  medial  ridge.  The  substance 
of  the  spines  is  very  delicate,  but  shows  the  characteristic  pseudo-vas- 
colar  markings  of  these  Crustacea.  Of  the  right  lateral  spine  bat  a 
small  portion  remains,  and  the  insertion  of  these  lateral  spines  upon  the 
caudal  plate  is  not  visible.  The  first  two  segments  show,  on  account  of 
the  flattening  to  which  they  have  been  subjected,  no  trace  of  ornamen- 
tation CKcept  at  the  angles  of  the  segments  a  low  inconspicnous  tuber- 
cle, two  on  the  first  segment  and  fonr  on  the  second. 

I  take  pleasure  in  giving  to  this  species  th  '  name  of  Mr.  C.  E.  Beecher, 
of  the  New  York  Geological  Survey. 

Oenus  ECHINOCABIS. 

Ediinoearis  Wbitfleld,  Am.  Jour.  Science,  3d  ser.,  Vol.  XIX,  No.  109, 

p.  34. 

This  genus  was  erected  in  1380,  in  the  place  cited,  in  a  paper  On 

New  Forms  of  Fossil  Crustacea  from  the  Upper  Devonian  Rooks  of  Ohio, 

and  was  made  to  include  a  series  of  forms  belonging  to  the  Ceratiocar- 

idro,  one  of  which  at  least  (H.  armatug  H.)  had  been  previously  described 
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aa  Ceratioearii.  Tbese  differ  from  Ceratiocaria  la  tlie  i>eculiarpaatiiloBe, 
DodoAe,  and  ridged  character  of  the  oriiameiitatiou  uf  the  carapace, 
the  namber  or  abdotoinal  segDaents  (4  known  in  EchinoiMriSf  6  or  6  in 
Ceratioearis),  and  the  apinooe  attachments  to  the  latter.  The  anthorof 
the  genus  has  describetl  three  apecies  from  the  Erie  ahalee  of  Ohio,  a 
horizon  which  probably  parallelizes  with  the  Naples  shales. 

10.  Eohlnooatla  Whitflaldl,  d.  op. 

.     (PIkte  II,  FigB.  3BDd4.) 

Carapace  with  a  straight  binge-liue  extending  two-thirds  its  length,  at 
the  posteriorestremityofwhich  the  margin  isabruptly  deflected  at  almost 
right  angles.  Ventral  margin  with  a  siiboval  car\-e  roanding  abruptly 
posteriorly  and  less  so  anteriorly.  Itostral  region  somewhat  produced, 
jiosterior  extremity  truncated.  The  margin  on  all  sides  marked  l>y  an 
elerated  rim,  most  prominent  on  the  ventral  and  dorsal  portion.  The 
surface  is  marked  by  hue  tubercles,  which  are  principally  grouped  about 
the  cephalic  portion.  Six  or  sevi-n  ijuite  strong  elongate  pustules  mark 
the  position  of  the  anterior  tubei  cle,  below  and  behind  wh  jch  lie  a  nam- 
ber smaller  and  indetiuitely  scattered,  with  the  exception  of  three  or  four, 
"'hicb  make  a  vertical  row  behind  the  auterior  tubercle,  as  shown  in  Fig.  3. 
Xear  the  posterior  dorsal  angle,  on  the  dorsal  mitrgiu  and  at  the  iios- 
terior  ventral  angle,  are  three  isolated  single  pustules.  Awell-marked 
hut  short  ridge  is  found  on  the  anterior  portion  running  parallel  with 
the  anterior  margin,  and  fbrther  l>ackwar4ls  on  the  carapace*  are  a  few 
low  ridgea  Ij'ing  in  the  eireuniference  of  a  circle,  alxiat  and  within 
which  the  finer  sculpture  is  couccntric  Under  a  glass  the  surface 
shows  very  fine  and  delicate  scaly  markings.  The  same  fragment  of 
shale  which  contains  the  carapace  affords  also  the  Hi»ecimen  of  the 
caudal  plate  and  spines  shown  in  Pig.  4. 

The  telson  consists  of  a  subtriangnlar  caudal  plate,  which  is  pro- 
longed into  a  middle  spiue.  To  the  underside  of  the  plate  the  two  lat- 
eral spines  are  Jointed,  although  the  left  lateral  spine  is  lost.  Of  the 
spines  the  middle  one  is  the  shortest  and  stoutest ;  all  are  marked  with 
a  slight  ridge  along  the  center,  and  both  they  and  the  caudal  plate  are 
covered  with  comparatively  strong  tabercles. 

The  carapace  measures  27'"'°  iu  length  and  l(i'°'"  in  width. 

Prom  the  shales  of  Hatch  Hill,  Xaples. 

GeaUH   SPATHTOCARIS. 

tipathioearia  Clarke,  1883,  Am.  Jour.  Sci.,  3d  ser.,  Vol.  SXIII,  p.  477, 

Plate. 

This  genos  waa  Gonnded  to  include  some  crustacean  shields,  allied  to 

lUxcinocariv  Woodward,  characterized  by  llieir  oval-elliptical  outline, 

triaugolar  anterior  rostral  opening,  and  lack  uf  a  dorsal  suture.    It  is 

very  closely  similar  to  Woodward^s  genus  Cardiocarin  ;  indeed  it  differs 
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from  it.  only  iu  Iiiiviiig  the  posterior  niargiu  roun(le4i  instead  of  very 
faiutly  uotcbi'd.  Iu  a  later  piiblicatioD"  ou  tliese  crustac«a  I  gave  my 
reaKODS  for  reganUng  tUo  geims  Cardiocaris,  n-hicli  was  proposfHl  siibse- 
qiieotly  to  Upathiocaris,  a.'t  in  part  at  least  idi-ittical  witb  it.  The  com- 
mittee, (ronsistiiig  of  Sir.  K.  Etboridfje,  )Jr.  H.  Woodward, and  Professor 
T.  Hupfrt  Joue8,  appoiuti-d  by  the  British  Association  for  the  Advance- 
mi'iit  of  Science  to  report  npon  the  classification  of  the  Fossil  Phyllo- 
poda  of  the  I'aK-uzoie  Itocks,  have  not  admitted"  the  identity  of  the  two 
genera,  bnt  have  taken  f'roni  each  and  placed  elsewhere  some  of  the 
orighial  meml>ers  of  each  genns,  so  that  Spatltiocarix  is  reganled  by 
them  as  represented  by  two  species,  S.  Emersoni  Clarke  and  8.  unguHna 
Clarke. 

The  differences  io  the  genera  DiHoinocariit,  Cardiocaris,  and  Spatkto- 
caris  me  so  slight  that  I  willingly  concede  the  rearrangement  by  the 
committee  of  the  species  described  by  me  from  the  Upper  Devonian  of 
Bickeu,  viz.,  S.  (Discinucaris)  congener,  8.  vnijulina,  S.  (Cardiocaris) 
Kurneni,  Cwrf^iocffWs  (Dincinoearis)  lata  U.Woodward.  Ohjectious  havo 
been  made  to  the  chissifieiition  of  any  of  these  forms  of  the  Oisciny 
carida  with  the  CrnstacciK  Among  the  earlier  observers  Keyserling 
and  F.  A,  lloeiner,  and  at  thu  present  Dames,  Kayser,  and  perhaps 
others,  have  regiiided  tlicni  as  a  whole  or  in  part  as  having  had  Bonie 
organic  (connection  with  the  Cephalopoda,  with  which  they  are  sometimes 
associated.  My  description  of  tlie  species  occarring  at  Bicken  calleil 
forth  a  vigorons  reply  ti-om  I*rofessor  Danies,^  wlios^  nrgnmeuts  have 
been  snfticicuily  answeied  by  sitbseqnent  writers  iijion  the  subject.** 

11.  Spathjocaris  Emeraonl. 

iipalkio<:ariii  Emerxml  Cliirke,  Am.  Jour.  Set.,  3d  ser..  Vol.  XXIII,  p. 
47fi,  Plate,  Figs.  !-:{. 
This  spe<;ies  is  the  only  well  defined  fossil  known  to  me  from  this  dis- 
trict which  pas.ses  front  (he  fanna  of  the  Naples  shales  into  that  of  the 
Chemnug  gronp.  1  have  already  qnoted  the  species  from  the  following 
different  horizons  (Am.  Juur.  Sci.,  ;td  ser.,  Vol.  XXV,  p.  120): 

1.  In  the  lower  black  band  of  Bristol. 

2.  About  150  feet  above  the  transition  shales  of  the  Genesee  in  the 
town  of  Naples. 

-■'UebcrdeiilHchool'er'ir-vciJiiMliii  CriLKtHiroii,  Ni-iicH  Jabibui-'h,  1^64,  Vol.  I,  p,  17f^. 

■»Sd  Ki.'I<(irl  lit  tlic  Mnnnrul  mrfl Luy.  H<-i.I.'inIi.t,  livii. 

'*Sep  al»i)  DaincB  iu  N.'ii.'s  .PiilirbiicOi.  IHH.',,  V.ii.  I,  iip. 27ri, 273. 

"■Sfc  vim  Ki«-iu'ii,  Xi-iies  .liilirlmcL,  is-l,  Vol.  1,  ii|).  V<,  46. 

Ki.-]>urt  of  \\w  cimiiiiiilw,  ■iniisisiiiis  nl'  .M  i'.  li.  KllnTidgi'.  Dr.  H.  Woodwnni,  uu<l 
Prof.  T.  ltii|.iTt  Jniii-!.  (hmivlfin  ),  fill  llii'  \.'i>h.^\\  I>Ii.v11.)[iim]!i  of  the  Paleozoic  Iforkx. 
lH-3,  lip.  2,  A. 

.loiM's  oijcl  Wowlwiinl,  G.'oi.t:lrul  M!ii!,,D<'C.  HI,  Vol.  I,  No,  8,  pp.  Wt*-355,     le»l. 

Stconil  Ki'port  of  tliu  Ci.uiiiiitt.i^  on  I'.wwil  Ptiyl1n|i<>ila.     1884. 

A.  8  Packnnl,  Jr.,  A  Monoj;n""pli  of  Norib  Aiiii'riciiii  Pbyllopod CrustBcc*.  WSI,  p. 
451. 
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3.  At  niiproxiinati'l.v  tLe  same  Iiorizun  in  ILe  town  of  Bichmoud. 

4.  Iti  ttiv  ujtjKT  bliick  baud,  540  fei;t  tiliovc  the  tniusitioD  shales,  TSa- 
l)l,.s. 

u.  At  iipiiroxiiiiiitd.v  tlic  ttninc  horizon  i^  miles  soath  of  the  Shaker 
8c  tk'iucut,  aloiiy  Cii»huciuii  Creek,  Livingston  County. 

{'..  At  a[)[iro:iini;itoi.v  the  same  Lorizoii  in  the  Delaware,  Lackawanna 
anrt  Western  liiiilroud  i-nLting  iu  Siiarta. 

7.  Iu  the  stiaies  ininiediatel.v  overlying  (4). 

8.  In  the  Portage  sandstones  at  I'ortageville,  Wyoming  County. 
!),  In  t!i«  lowest  stratum  of  the  Chemung,  Naples. 

10.  In  the  sandstones  of  tlie  Lowev  Chemung,  in  the  town  of  Cana- 
adice,  Ontario  County. 

CRfSTACEAN   TRACKS.  (1) 

Tweuty-flve  fiet  iiliove  the  first  outcrop  of  the  Naples  shales  in  Par- 
rish  (inlly  occurs  a  bed  of  sandy  gray-greenish  shales  which  are  filled 
with  peculiar  imi>ressions  una»>sociated  with  any  traces  of  organic  mat- 
ter. These  are  usually  2  or  3  inches  in  length,  and  consist  of  two  rows 
lying  si<le  by  side,  of  little  concavities,  each  concavity  measuring  2°" 
ill  diiimcler.  Tliey  suggest  the  Neritoides,  described  by  Eichter," 
(Vom  the  sandy  shales  of  the  Lower  Uevoniau  of  the  Thuringiau  Forest, 
altlioogh  they  aiv  always  much  shorter  than  the  European  specimens. 
These  seem  to  me  to  be  the  result  of  tliewallowiugofsomecrustacean,  such 
a»  we  may  assume  would  be  made  by  the  known  crustaceans  of  these 
rocks,  not  as  tliey  crept  along  over  the  soft  mud  of  the  sea-bottom,  but 
in  coining  lu  a  position  of  rest  from  swimming.  A  slight,  constant  vi- 
hrsLtory  motion  of  the  appendages  would  produce  such  impressions  in 
tbe  mud.  These  markings  I  Imve  found  higher  in  these  shales,  as  in 
the  Tannery  Gully  in  Naples,  but  they  prove  to  be  most  abundant  in 
tLe  lower  outcrops. 

CEPHALOPODA. 

Ci-niisCONIATITKS. 

Typo  of  OoDiatiteH  simplex  von  Bucli. 

12.  OoniatitcB  oomplanatus. 

Goniatites  complanatiiH  Hall,  1843,  Geol.N.Y.,Sur\cy  Fourth  Geol,  Dist., 
187!>.  Pal.  N.  v.,  Vol.  V,  Pt.  II,  p.  45.1. 
This  species,  which  is  very  abundant  and  characteristic  of  these 
slinles,  occurs  with  considerable  variation  of  size.  From  the  thiu  flag- 
.stoiu's  of  the  upper  portion  of  the  l)eds  I  have  some  large  individuals 
iiirasuriiitr  10""  in  dianieter,  but  the  usual  forms  in  the  shales  are  much 
siutiDer,  avernging  iilmut  20""",  the  smallest  noticed  having  a  diameter 


*Beitragz,  I'nla..u.  >1.  Thiirinf;.  Wald.,i.,  l^  Taf.  HI,  FitfH.  42-44. 
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of  4<™.  SpecimenB  veil  enoagh  preserved  to  bIiow  any  tnM»  of  the 
septa  are  difficult  to  find,  and  I  have  not  as  yet  seen  any  sacli  from  tlie 
soft,  maddy  shales.  A  few  specimens  from  the  sandy  layers  retain  these 
septAl  sotnrefl,  thongii  without  showing  distinctly  the  character  of  the 
dorsal  lohe.  Hall  has  figured  one"  example  showing  in  part,  the  char- 
acter of  the  septa,  and  oiy  own  specimens  give  this  feature  more  per- 
fectly. There  is  a  marked  similarity  in  the  character  of  these  sutures 
and  those  of  G.  lamed  Sandberger,*"  of  the  Cypridinen-Schiefer  and  Go- 
niatiten-Schichten.  In  the  variety  rugosua  (Fig.  4)  which  is  probably 
the  yonng  of  some  species  like  G.  intumenseent,  the  curves  of  the 
suture  are  quite  the  same.  In  the  var.  fxm^lanatvg  (Fig.  5)  the  lat- 
eral saddle  is  somewhat  strongei',  and  the  distance  between  SQcceasive 
sntures  greater  than  in  G.  complanatua  H.  In  this  variety,  however, 
there  is  a  noteworthy  agreement  in  the  form  of  the  shell  itself. 

13.  Oonlatites  disooideus. 
Goniatites  dUeoideus  Hall,  1860,  Thirteenth  Ann.  B«p.  X.  Y.  State  Cab. 
Nat.  Hist.,  p.  97,  Figs.  3-6, 1879;  Pal.  N. T.,  Vol.  V,  Pt.  II,  p.  441. 
This  species,  which  has  hitherto  been  regarded  as  characteristic  of  the 
Marcellus  shales,  I  have  found  in  the  concretionary  limestone  of  Parrish 
Golly,  ITaples,  and  in  the  calcareous  concretious  on  Honeoye  Lake.  It 
is  a  form  in  every  respect  comparable  to  O.  retroraug  (  =  G.  simplex  v. 
Bach),  as  figured  by  Sandberger,"  and  Keyserling,^  in  the  character  of 
the  sntnres,  the  non-nmbilicated  shell,  and  the  nature  of  the  snr&oe 
markings. 

14.  Ooniatitea  nnlangiilaita. 

Gonuititea  uniangularia  Conrad,  1S42,  Joar.  Acad.  Natural  Science,  Vol. 

VIII,  p.  268,  PI.  XVI,  Fig.  4.     1879,  Pal.  N.  Y.,  Vol.  V,  Pt.  II, 

p.  444,  PI.  LXXI,  Fig.  14.* 
A  species  which  presents  a  little  variation  trom  the  foregoing  in  its 
sutnres,  and  which  is  quoted  by  Hall  from  the  Portage;  I  have,  how- 
ever, seen  no  examples  of  it  from  Ontario  County. 

Typo  of  Oonlatitei  IntumBBOetu  Beyriob. 
15.  Oonlatltes  Pateraonl. 
Goniatites  Patersoni  Hall,  1860,  Thirteenth  Ann.  Eep.  N.  Y.  State  Cab. 
Nat.  Hi«t.,  p.  99,  Figs.  9-10 ;  1879,  Pal.  N.  Y.,  Vol.  V,  PL  II,  p. 
464. 
A  somewhat  abundant  species  in  the  concretionary  layer  of  Parrish 
Gully  and  in  the  immediately  overlying  and  underlying  shales.     1  very 


"  PbI.,  N.  y.,  Vol.  V,  Pt.  II.  PI.  X,  Fig.  s. 

<»VeTBtein.  d.  Kh^in.  Kctitchtcn  Syst.  iii  Nniwaii,  185l>-'56,  p.  90,  PI.  Till,  Figs.  4-9. 
"Lo*.  oil.  PI.  X,  Fig.  15. 

"Eiiie  K«i8e  iu  das  Pclachoniland,  1846,  PI.  Xl],  Fig.  5. 
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maoh  doabt  tbti  fidvisabUity  of  retaining  this  specific  iiatne,  as  I  am 
ooable  to  distaDgiiish  any  ditforeooes  between  this  species  and  Ooniatitei 
intumeteau  Beyr.,  the  most  abandant  Ooniatite  in  the  Upper  De^odtuiL 
of  Germany.  A  study  of  a  large  namber  of  these  Amtrlcan  and  Bki- 
ropean  forms  leads  me  to  believe  that  whatever  variation  there  may  be 
JD  0.  Paterioni  from  the  typical  forms  of  0.  tntumntsnu  as  flpued  by 
the  brothers  8aDdberger,*>  which  indeed  is  very  slight,  there  is  a  ftv 
wider  variation  among  the  forms  which  are  in  Borope  refarred  to  this 
itpecles. 

(€t.  toe.  «it.  PL  VII,  Fig.  3.  Boemer*s  Lethna  PaltMuoioa,  1876,  I^ 
XXXV,  Fig.  10.) 

This  similuity  lies  not  alone  in  the  diaracter  ctf  the  snture  as  shown 
above,  but  also  in  the  amoant  of  nmbilication  and  in  the  caliber  of 
tlie  shelL  The  form  from  the  NapleB  shales  is  never  so  carinate  as  in 
some  ot  the  Boropewi  varieties,  bnt  agrees  perfectly  with  the  typical 
fonns  of  the  qwcieB. 

19.  OonlatltM  faloostatiia. 

Oouiatitei  btootUUm  HaU,  1813,  OeoL  N.  Y.,  Snrvey  Foarth  Oeol.  Dist, 
p.  246;  1879,  FaL  X.  Y.,  Vol.  Y,  Ft  U,  p.  450. 
This  species  was  referred  by  Ferd.  Soemer  and  De  Yemeuil  {vide 
Sandberger,  op.  mt.,  p.  101}  to  0.  retrorHu  v.  Bnch.  Hr.  Hall  (Pal.  N.  Y., 
Vol.  Y,  Pt.  II,  p.  463)  has  noticed  the  similarity  between  G.  bieottatv 
and  some  of  Sandberger's  varieties,  as  follows:  <*  In  the  manner  of  its 
septa  it  is  very  closely  similar  to  the  variety  lingua"  (0.  rimptex  v. 
Bach,  Kayaer  *■)  "  and  variety  tjfpii^  (the  same)  *<  of  that  species,  while 
the  variety  undulatut"  {O.  wtdulatut  Sandb.,  Kays.)  "r^resenta  the  Bar- 
face  markings  and  the  revolving  carinn."  This  is  a  rare  species  in  the 
Ni^>les  shales. 

IT.  Oonfaitlt«a  sJanoans. 

OotuatitM  fHMOtw  HaU,  1843,  Geol.  N.  Y.,  Survey  Fourth  Oeol.  Dist, 
p.  244  i  Pal.  N.  Y.,  Yol.  V.,  Pt  H,  p.  460,  PI.  LXX,  Figs.  13-16, 
PI.  LXXU,  Fig.  11;  PI.  LXXIV,  Fig.  11. 
Ooniatit«»  {Olfmmiat)  Ximdaia  Hall,  1875,  Twenty-seventh  Ann.  Bep. 
N.  Y.  State  Mos.  Kat  Hist 
In  the  closer  parallelism  of  ito  satares  and  the  sinoons  scnlptore  of 
tbe  Borfcce  this  species  differs  from  O.  Paternmu    In  its  other  fiaatures 
it  is  qnite  closely  allied  to  it,  and  is  not  infreqnently  associated  with  it 
Occars  doc  uncommonly  in  the  concretionary  layer  of  Parrish  Oolly. 

"Xoo.  eU.,  PI.  Til,  figa.  1  udS. 

"Zeltwh.  d.  ikDUehgMl,  Gf«BU.,ToL  ZXV,p.  tU,  1B7S. 


(83) 

Digmzec^yGoOgle 


60  HIGHER  DEVOHIAN   FAOHAS,   ONTABIO  CO ,   N.   T.       Ibuli.  it 

la  OonlMltM  Lntberl,  n.  ip. 
(Plato  II,  Fig.  8.] 
Shell  widely  ambilioated,  more  so  than  any  spedes  with  which  it  is 
associated,  not  excepting  6,  complanatiu.  E^pta  namerocB  and  closely 
appressed,  the  individaal  flg^nred  baviDg  thlrtj-elght  in  tbe  last  whorL 
The  antnres  are  characterized  by  their  very  aente  lobes  and  saddles. 
Ventral  saddle  very  small,  short  and  very  slightly  rounded,  the  two  lat- 
eral lobes  strong  and  acute.  The  lateral  saddle  very  strong  and  acnte, 
with  its  sides  somewhat  rounding.  The  dorsal  saddle  well  defined  and 
rounded,  with  a  slight  sharp  carlnal  lobe.  In  the  fignred  example  the 
carinal  portion  of  the  shell  has  been  somewhat  folded  npwaid,  giving 
an  abnormally  thick  margin  to  the  shell.  The  s^ta  are  so  closely 
eiowded  together  that  they  are  very  nearly  parallel  to  eaeh  other  except 
at  the  apices  of  the  lateral  saddles,  where  the  distanoe  between  them  is 
somewhat  greater  than  elsewhere.  Snrface  markings  areshown  in  some 
of  the  examples  preserved  in  pyrite  as  finely  incised,  eqnJdistant  lines, 
cnrving  gently  forward  over  the  lateral  portions  of  the  shell  and  more 
strongly  forward  as  they  near  the  dorsal  anr&ce.  This  is  a  ver^' 
graceful  speciea  and  quite  distinct  from  any  known  forms  belonging  to 
tbe  type  of  O.  itOumeuent.  Most  dosdy  allied  to  it  is  O./ttrc^/er 
Sandberger,^  the  closely  oppressed  septa  of  which  suggest  O.  Jjutkeri^ 
bnt  there  is  a  difference  that  is  very  marked  in  the  aoate  lateral  sad- 
dle and  ventral  lobe.  This  species  I  have  seen  in  a  few  examples  fiom 
tbe  shales  which  overlie  the  concretionary  limestone  of  Parrish  Gully, 
and  from  Honeoye  Lake. 

19.  OonlaUtaa  penumtoa. 
GomatiUi  peracutvt  Hall,  1S79,  PaL  K  T.,  YoL  Y,  Pt.  11,  p.  463,  PL 
LXIX,  Fig.  8. 
Suture  characterized  by  the  presence  of  but  two  instead  of  three  sad- 
dles, as  with  other  species  of  the  group  of  (nttfmeaoent-like  forms.  The 
dorsal  saddle  is  also  very  acute.  Tbe  species  has  been  deBoribed  from 
a  fragment  of  the  outer  volution,  and  is  "from  the  Portage  or  Lower 
Chemong,  at  Ithaca,  N.  Y."  I  do  not  know  the  species  from  Ontario 
County. 

30.  OonlatltM  oomphuurtua,  var.  parUtna. 

0(miatit^  comptanatut,  var.  perlatut,  1874,  Descriptions  of  lif ew  Species 

of  Goniatitidas,  p.  1,  Hall,  1879,  Pal.  N.  7.,  Yol.  Y,  Pt  II,  p.  458, 

PI.  LXX,  Fig.  12. 

This  form  varies  &om  the  original  species  in  the  greater  distance  of 

tbe  septa  from  each  other.    Hall's  example  is  "  from  tbe  lower  beds  c^ 

the  Portage  gronp  at  Homer,  Courtlaod  Coanty,  Kew  York."    I  am  not 

sure  that  I  have  seen  specimens  referable  to  this  variety. 

"Op.  lit.,  p  82,  PI.  VI,  Fig.  3. 
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Type  of  Qonlatltea  olavllobiiM  Sandberger. 
21.  GoDiatlteB  CbemaiigatiMla.    Tuiety. 
OoMotitet  ChemiuistauU  Hall,  1879,  Pal.  N.  T.,  To).  Y,  Pt  U. 

I  have  a  single  specimen  from  the  very  bitaminoas  layers  of  the 
lower  black  band,  in  Bnyder'a  OuUy,  2TiipIee,  which  is  the  only  de- 
terminable fossil,  with  the  exceptioo  of  ^atkioeaTit  Umermni,  that  haa 
been  foand  in  these  rocks.  In  its  taberenlated  whorls  the  specimen 
agrees  with  Q,  Chemuagennt,  bnt  differs  from  Mr.  Hall's  description  of 
that  species  in  the  greater  nnmber  of  these  marginal  tabercolations  on 
each  edge  of  the  whorla.  It  does  not  agree  well  with  the  vax.  aquvxa- 
tattu  Hall,  and  I  do  not  attempt  any  farther  identiflcatioD  of  it 

Oeniu  OBTHOCEEAS. 
23.  Orthooeiaa  pwMtor. 

Orthocerat  paeator  Hall,  1879,  Pal.  N.  T.,  Yol.  V,  Pt.  II,  p.  307,  PI. 
LXXXEX,  Fig.  16. 
The  flattened  condition  in  which  this  species  is  nsnally  foond  in  the 
fossiliferonB  shales  has  not  allowed  any  evidence  as  yet  of  the  position 
of  its  sipho.    It  is  by  no  means  an  ancommon  foesiL 

23.  OitlUMWTas  aoioaloidaa,  n.  ap. 

(Plate  11,  Fig.  11.) 

Shell  small,  sides  almost  parallel.  The  spedmeD  from  whitih  the  fig- 
are  has  been  made  is  10°^  long  and  l""  wide.  It  shows  six  septa  which 
are  remarkable  for  their  nnosnal  distance  from  one  another.  The  first 
of  the  air-chambers  measures  2°"°  in  length,  the  second  2^™,  the  third 
2J™,  the  fonrth  3"=,  the  fifth  34"",  the  sixth  is  partially  broken  away. 
Stphaocle  and  surface  scnlptare  ankuown.  This  little  species  is  qnite 
distinct  fW>m  any  member  of  ibis  genns  in  the  Devonian  fuina.  Many  of 
the  iodividnals  which  had  nsnally  been  referred  to  the  species  Ortkoeeras 
adeulmM  Hall,  1843,  and  which  show  very  plainly  sach  distant  septa 
and  sabparallel  sides,  may  be,  since  the  erection  of  that  species  by  its 
anthor  into  Coleolus  aciculum,  referred  to  0,  aciouloides.  The  ^wcimen 
Agnred  is  fhim  the  lower  shales  of  Cashaqua  Greek. 

24.  Oitbooeru  Ontario,  n,  ep. 

(Plate  III,  Fig.l.) 

This  is  a  representative  of  the  annulated  Ortbocerata,  in  which  the 
aonulations  are  relatively  distant  and  consist  of  very  narrow,  low,  and 
acotely  angled  elevations.  The  distance  between  them  increases  with 
Bli|;bt  irregnlarities  from  apex  to  stoma,  and  the  shell,  which  measures 
J4*"  in  length,  bears  thirty  of  tliem.  These  rings  slope  abrnptly  to  the 
snrfhce  of  the  shell,  making  the  interspaces  generally  qnite  flab 
(86) 
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In  these  interspaces  where  tlie  snrfiwie  has  beoi  beat  preserved  there 
is  a  fine  sotUptare  of  the  test  visible,  consistiiig  of  minate,  mierosoopic, 
loDgitadioal  etriations.  Septa  evenly  transverse  and  regularly  conoen- 
tric.  Sipho  simple,  central.  The  original  of  the  species  was  taken  from 
the  concretionary  sh^es  id  Farrish  Gaily,  STaples,  is  preserved  in 
orystaliine  oaldte,  and  its  form  ia  thus  retained  without  ttie  distortion 
which  asnally  oooars  in  the  Orthooerata  from  tiiese  shaleB.  Aa  yet  I 
know  of  bat  this  specimen,  lite  loDgitadinal  ridge  represented  in  the 
flgore  is  a  line  of  the  attached  matrix,  which  has  been  made  too  promi- 
nent by  the  artist 


<PUleU,  Figi.  IS.  13,140 
0^.  Orthoeerai  anguig  Hall,  Pal.  N.  T.,  YoL  Y,  Ft.  II,  p.  312,  FL 
LXXXIX,  Fig.  9. 

Shell  taperingrapidlyfhtmstomatoapex.  Test  very  thin  and  covered 
with  finely  incised  lines  from  |  to  IJ^™  apart  The  natnre  of  this  scalp- 
tore  is  snch  that  the  sorfiwse  of  the  shell  is  given  an  imbricate  appear- 
ance. These  lines  paas  aboat  the  shell  in  long,  low  ondnlataons,  which 
are  not  parallel  to  the  ontline  of  the  stoma.  The  septa  and  sipho  have 
not  yet  been  noticed.  This  Orthoceras  is  interesting  as  the  only  repre- 
sentatives in  the  Devonian  to  my  knowledge  of  a  gronp  after  the  type 
of  0.  loeium  Barrande,  the  forms  quite  characteristic  of  the  Etage  E. 

The  peculiarity  of  the  entire  groop  is  the  thin  test,  andalating  and 
imbricating  oonoeotrio  lines  of  sorfaoe  sonlptare,  with  no  l<Higitndinal 
markings.  I  have  before  me  several  exam|:4es  of  this  species,  one  from 
Farrish  Onlly,  ITaples,  one  fh>m  Hatch  Hill,  one  from  Briggs'  Gnlly, 
Honeoye  Lake. 

GASTEOPODA. 

Q«iina  BELLEROPHON. 
36.  BeUaropbon  n«*tor. 

BeOmvplion  expantuat  Sowerby,  Hall,  1813,  Geol.  K.  T.,  Snrvey  Foarth 

Geol.  Diet,  p.  244. 
nroffmottoma  natator  Hall,  1862,  Dec.  new  species  of  Fossils  (Fifteenth 

Ann.  Bep.  N.  Y.  State  Cab.  2Tat.  Hist) ;  1876,  ItlastraliooB  Dev. 

Fossils;  not  PkragtMStoma  natator  Hall,  1862,  FifCeentii  Ann. 

Bep.  N.  Y.  State  Cab.  Nat  Hist,  explanation  of  plate. 
Bai«ropk<m  natator  HaU,  1879,  Pal.  N.  Y.,  Yol.  Y,  Ft  II,  p.  108. 

Mnch  confasion  exists  in  regard  to  both  the  synonymy  and  the  identity 
of  this  species.  The  original  example  consisted  of  a  portion  of  the  enter 
volntioQ  of  the  shell  from  the  Portage  (Kaples)  gronp,  which  was  ideo- 
tifled  by  Hall  in  1843  as  Bdl&rophon  expaTUUt  t  Sowerby.  Sabseqneotly, 
in  the  Fifleenth  Aunoal  Beport  to  the  Begents  on  the  Condition  of  the 
(86) 
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State  CalnnetB,  the  species  was  regarded  as  the  representative  of  aootlier 
geona  on  aocoontof  the  snpposed  eyidenceof  a  traDsverse  septam  vithin 
the  bod;  irhorl,  and  was  referred  to  the  geous  Phragmoatoma  (Hall, 
1861,  Fonrteenth  Anu.  Rep.  N.  T.  State  Cab.  Nat.  Hist)  as  P.  natator. 
To  this  description  illnstrations  were  sccideotalif  appended  of  P.  et/m- 
bvia  H.,  of  the  Hadson  Kiver  group  [vids  Pal.  N.  Y.,  Vol.  V.  Pu  II,  p.  108). 
Id  the  final  review  aad  description  of  the  species,  it  ia  removed  from  the 
genos  Phragmostoma  on  account  of  unsatisfactory  evidence  of  the  exist- 
ence of  the  transverse  septum  and  relegated  to  the  genus  Bellerophon. 
lu  this  connection  Hall  states  that  the  original  specimen  fh>m  the  Port- 
age, apon  which  the  species  was  fonuded,  wan  not  accessible  to  him, 
and  the  species  as  illustrated  by  him  In  the  JUus.  of  Dev.  Fossils,  1876, 
and  in  Pal.  H.  T.,  1879,  is  ftvm  a  fragment  out  of  the  Hamilton  shales. 
We  infer,  therefore,  that  examples  of  Lhis  species  which  have  come  into 
the  posseasioii  of  the  State  survey  have  been  not  only  rar*  but  very 
poorly  preserved.  I  have  found  many  individuals  in  a  very  perfect  stete 
of  preservation  which  agree,  as  far  as  may  be,  with  Mr.  Hall's  descrip- 
tion of  this  species.  As  the  description  of  the  species  has  been  fh>[n 
fragmentary  specimens,  it  is  difhcult  for  me  to  pronounce  definitely  on 
tbc  identity  of  the  very  abundant  examples  of  my  own  with  those  of 
Mr.  Hall,  but  the  probabilities  are  qnite  in  favor  of  it,  as  I  find  a  close 
u^rvemeiit  between  the  description,  as  far  as  it  goes,  and  my  specimens. 
IIhII,  in  the  final  report  on  the  Devonian  Gastropoda,  has  also  described 
a  more  perfect  example  of  the  genus,  very  similar  in  its  features,  as 
shown  both  in  the  illustration,  Plate  XXVI,  Fig.  14,  and  in  the  descrip- 
tion to  B.  natatoTf  which  he  has  called  B.  explanatus.  This  is  from  an 
Dticertain  horizon,  probably  that  of  the  Hamilton  shales,  and  it  may  be 
represented  among  the  specimens  from  the  Naples  shales,  bnton  aocoant 
of  its  greater  size  and  more  explanate  stoma,  it  is  necessary  to  regard 
tbe  minority  of  the  Belleropha  of  these  shales  as  B.  natator,  a  species 
common  in  all  the  outcrops  of  the  lower  fossilifeions  beds. 

27.  Bellerophon  Indram,  n.  ip. 
Among  my  specimens  of  this  genus  ftom  Parish  Uully  in  Naples  I 
find  one  which  is  distinctly  different  from  the  described  species  in  these 
particalars :  Fine,  distant,  incised,  revolving  lines  appear  on  the  shell 
at  the  beginning  of  the  last  volution,  and  pass  oatward,  being  nearly 
parallel  for  most  of  the  distance,  and  become  obsolete  only  ne^  the 
margin  of  the  shell.  The  dorsum  is  well  marked  from  the  stoma  to 
the  most  elevated  portion  of  the  whorl,  where  it  becomes  obsolete.  The 
dorsum  is  qnite  smooth,  showing  no  trace  of  the  retrally  curving  lines 
of  growth.  On  either  aide  of  the  dorsom  on  the  most  elevat«d  portion 
of  the  shell  are  from  thirteen  to  fifteen  of  the  incised  lines.  Edge  of 
stoma  somewhat  emarginato  at  the  dorsum.  No  concentric  striie,  bat 
a  few  low,  iiregolar  concentric  ridges.  In  its  general  proportions  tlie 
spedee  rtiaembles  B.  explamattu  H. 
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Oeniis  EU0HPHALU8. 

26.  Hoomphalaa  planodiaciu. 

Huomphaiu*  planodUous  Hall,  1860,  Thirteeatb  Ann.  Bep.  N.  Y.  State 

Cab.  Nat.  Hist.,  p.  108 ;  1879,  Pal.  N.  Y.,  Vol.  V,  Pt  II,  p.  67,  PI. 

XVI,  Pigs.  1-4. 

This  specieo  was  described  from  tbe  Mfuvellns  shales,  and  has  hitherto 

beeif  regarded  as  limited  to  that  horizon.    I  have  found  it  to  be  quite 

common  in  the  calcareous  concretions  of  Briggs'  Gully. 

QenuB  PLEUEOTOMAEIA. 
29.  Plenrotomailft  oapUlail*. 

Pleurotomaria  capillaria  Conrad,  1842,  Jour.  Acad.  Nat.  8ci.,  Vol.  VIII, 

p.  271,  PI.  XYI.  Fig.  11 ;  1879,  Pal.  N.  Y.,  Vol.  V,  Pt.  II,  p.  77, 

PI.  XX,  Figs.  18-21. 

This  species  constitates  a  prominent  member  of  the  gastropod  &iiDa 

of  tbe  Hamilton  shales,  and  it  has  been  fonnd  in  several  examples  by 

Mr.  Luther  in  the  Naples  shales.     I  do  not  know  of  iU  occurreuce  id 

the  tienesee  shales  except  in  tbe  upper  portion  or  transition  beds. 

Thence  it  ranges  upward  through  tlie  lower  fossiliferous  beds  of  the 

Naples  shales  and  into  tbe  flagstones  of  the  higher  strata. 

Genna  TROGHUS. 

Sabgenns  Pal^otbochub. 

Troekug  snbg^ius  Palaotrockus  Hall,  187d,  Pal.  N.  ¥.,  Vol.  V,  Pt.  II, 
p.  133,  PI.  ?:XX,  Fig.  14. 

"Shell  conical,  trochiform;  spire  elevated;  volutions  moderately 
convex ;  aperture  transverse ;  columella  t " 

The  above  name  was  proposed  to  iuclude  a  single  species,  PUuroto' 
maria  Keameyi  Hall,  from  the  Upper  Helderberg,  of  winch  Mr.  Hall 
has  said:  "1  see  no  reasons  why  it  should  not  be  embraced  in  the  Liu- 
ueau  genus  Trocbus  and  have  proposed  for  it  the  subgeneric  name." 

From  the  shales  at  Naples  I  hare  several  sijecimens  wLiuli  agree  in 
all  hat  a  single  particular  with  the  species  described  by  d'Arcbiao 
and  de  Vemeuil  as  Mono^onta  purpurea  {Littorina  purpurea  Sandber- 
ger)  fh}m  PafFi?ath.  In  general  contour,  sculpture,  form  of  the  stoma,  ' 
and  excavation  of  the  inner  lip,  they  are  similar,  but  theEuroi>ean  spe- 
cies bears  upon  the  inner  lip  a  strong  callosity  which  does  cot  appear  in 
my  specimens.  Although  there  is  a  wide  difference  in  tbe  external  fea- 
tures of  P.  Keameyi  and  my  examples,  there  is  a  dose  agreement  in  bU 
generic  features.  With  Ptyehomphalia  and  Porttodcia  of  de  Koninck  it 
agrees  in  the  form  of  its  stoma  and  inner  lip,  bat  it  has  not  in  common 
.witb  these  genera  anything  that  can  be  regarded  as  a  Pleurotomaria 
hand.   Although  agreeing  well  witb  Paleotroehu»,  it  is  difficult  to  pmnt 
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oat  a  siogalar  particDlor  ia  which  it  does  not  coiDcide  with  living  rep- 
reaeiMatives  of  the  geuns  Trochus. 

30.  Trocdiiu  (PBlvotroohna)  pi«oimor,D.  ip. 

(PUt«m,Fits.6-e.} 

TolntioDS,  five.  The  last  whorl  making  tbreee-foortliB  the  height  of 
the  shell.  Distance  from  apex  to  stoma,  13'''";  width  across  the  body- 
wborl,  IS*"*".  Whorls  ventricoee,  depressed  at  the  satnres.  Body-whorl 
depressed  below,  with  a  tubercled  carina  passing  aboat  it  two-thirds 
the  distance  fVom  the  satnre.  Stoma  traosTeise,  sabtriangDlar.  Outer 
tip  simple.  Inner  lip  withoat  callosity.  Colnmella  with  a  spiraUy-stri- 
ated  excavated  band,  which  becomes  obsolete  as  it  passes  downward. 
Surface  marked  by  promioent  tubercles  arranged  regularly  in  spira)  ■ 
lines.  '  Of  these  lines  of  tubercles,  two  at  or  near  the  carina  are  the 
most  strongly  developed,  and  the  interval  between  them  greater  than 
that  between  any  other  two  lines.  Of  these  spiral  rows  on  the  body- 
whorl  generally  eight  are  above  and  seven  below  the  carina,  and  are 
iucreased  by  iatercalatioo.  The  interspaces  between  the  tubercles  show 
very  fine,  transverse  linings,  only  to  be  seen  with  a  glass. 

Qenns  PLATT08T0MA. 

31.  Pl«Qro*toiua  (7)  mlnaMMlmnni,  n.  ap. 

I  find  in  theconcretionary  layers  in  Parrish  Qully  and  along  Htmeoye 
Lake  a  remnrkable  abandaoce  of  a  minnte  shell  which  I  temporarily 
refer  to  this  genus.  These  measare  across  the  body-whorl  from  i  to 
l-""  and  are  j""  high.  The  volntioos  are  three  in  number,  the  last 
very  large  and  ventricoee;  sarface  without  any  visible  ornamentation. 
Tliat  this  is  the  yoong  of  some  gastropod  is  quite  possible,  but  as  there 
is  no  species  of  gastropod  that  I  know  fh>m  this  horizon  of  which  this 
conltl  be  the  young  form,  I  ve&tnre  to  regard  it  as  a  new  species.  The 
iodividuals  are  so  abundant  in  places  that  one  may  count  scores  over  a 
single  square  inch  of  the  surface  of  the  rock.  The  sections  of  the  rock 
for  the  microscope  usually  give  abundant  evidence  of  them. 

Oenns  LOXONEHA. 

33.  Ijoxoneina  Noe,  n.  ap. 

(PUte  lU.  Fig.  10.) 

Among  the  specimens  from  the  concretions  of  Briggs*  Gully  and  Par- 
rish  Gully  and  occasionally  from  the  soft  nnderlying  shales,  is  a  small 
I^joniema  measuring  from  5  to  8"°  in  length.  This  is  the  only  repre- 
sentative of  the  genus  I  know  from  this  horizon,  and  it  is  quite  distinct 
from  the  Lox<mema»  of  the  Hamilton  and  Chemung  fannas  in  the  pro- 
{>ortioDally  lai^e  and  few  ribs  on  the  whorls. 
(89) 
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PTEROPODA. 

GenDB  HTOLITHES. 

33.  HyoUthoa  Naspolli,  n.  tap. 

(PUtelU,  Flgs.4»iid6.) 

Length  of  tbe  shell  on  dorsal  side,  23'"';  width  across  stoma,  S^; 
ventral  side,  i  to  1™  longer  than  the  dorsal,  projecting  above  the  dorsal 
margin  of  the  stoma;  dorsal  side  often  showing  two  depressed  farrows 
passing  from  apex  to  stoma,  which  are  usually  much  increased  in  strength 
by  compression.  Also  marked  by  strong  transverse  striations,  which 
are  especially  prominent  on  the  central,  most  convex  portion  of  the 
shell,  where  they  become  strong  rugce.  Toward  the  mai-gins  these 
markings  become  obsolete.  No  longitudinal  sculpture.  The  ventral 
margin  of  the  stoma  is  rounded,  and  the  surface  of  the  ventral  side  is 
marked  by  concentric  transverse  lines  of  growth  all  running  parallel 
to  the  stoma.  No  lon^ptudinal  markings.  This  is  a  very  handsome 
species,  distinct  from  the  species  of  Syolithea  in  the  adjoining  faunas 
of  the  Chemang  and  Hamilton  in  the  character  of  its  sculpture.  It 
occurs,  as  far  as  known  only  in  the  softer,  lower  shales.  From  the 
black  shales  of  the  upper  black  baud  in  Parrish  Gully  I  have  two  frag- 
ments, which  bear,  one  a  dorsal  valve  and  one  a  ventral  valve  of  a  very 
small  individual,  measuring  4^°"°  in  length,  which  lack  the  character- 
istic sonlpture  of  H.  Neapolis  and  belong  probably  to  anotlier  species, 
althongh  the  condition  of  their  preservation  is  not  snch  as  to  allow  their 
description. 

Ofotis  COLEOLUa 
34.  Colooliu  KOionltim. 

Orthocerait  aoumluM  Hall,  1843,  Geol.  N.  Y.,  Survey  Fourth  Geol.  Dist., 

p.  243. 
Coleohu  aoiculum  Hall,  1879,  Pal.  N.  Y.,  Vol.  V,  Pt  II,  p.  187. 

Abnndant  everywhere  throughout  the  lower  shales,  associated  with 
OorUatitet  complanatut  and  Cardiola  retrogtriata.  I  have  had  occasioii 
to  doubt  somewhat  the  valne  of  Hall's  reference  of  this,  originally  rr- 
gardcd  as  an  OrtkooeroB,  to  this  genus.  I  have  not  infrequently  col- 
lected si>ecin)ens  showing  evidence  of  septa,  these  especially  common 
in  the  concretions  of  Honeoye  Lake,  and  which  in  external  peculiarities 
agree  very  perfectly  with  the  description  of  Coleolns  aeuiulum.  I  have 
not  seen  the  siphnnde  to  any  of  these  iodividoals,  opd  it  jaa,y  be  poi«> 
(90) 
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sible  that  tbia  genns  includes  septileroas  forms.  Tboufjb  tbm  does  not 
appear  from  the  diagnosis  of  it,  tbe  origioal  figure  of  Ortlioceras  acicu- 
lum  IB  tbe  B^tort  on  tbe  Fourtb  District  of  Kew  York  sbows  tbe  pres- 
ence of  septa,  and,  as  tbe  genus  stands  now,  may  be  regarded  as  repre- 
senting a  specimen  of  my  speciee  0.  adouloides.  As  I  bave  already 
remarked,  under  tbe  description  of  tb»t  species,  many  of  tbe  forms  oc- 
corring  iu  tbe  Naples  sbales  which  bave  usually  been  referred  to  0. 
adcutum  may  have  to  be  referred  to  0.  aciculoides,  and  other  septa-bear- 
ing forma  must  remain  for  the  present  without  definite  reference,  as 
mat^ial  is  not  at  hand  for  study. 

QenuB  STTLIOLA. 

39.  S^UoIa  (StyUoUiui)  fiwiiTaUa. 

H^KtaaditetflMurella  Hall,  1843,  Oeol.  N.  Y.,  Survey  Fourth  Geol.  Dist.; 

not  T.JUsurella  Hall,  IIU.  Dev.  Fossils,  Pi.  XXV,  Figs.  12- U. 
StjfUcla  JUmrella  Hall,  1879,  Pal.  N.  Y.,  Vol.  V,  Pt.  II. 

As  already  noticed,  this  minnte  pteropod  is  very  abundant  in  tbe 
Naples  shales,  making  a  very  large  element  of  tbe  calcareous  matter  of 
tbe  Parrish  Oally  concretionary  layer.  In  tbe  sbaly  layers  it  is  much 
less  abundant,  but  will  be  found  in  many  of  the  higher  sandy  shales 
and  flagstones. 

Earpinsky  (Die  fossQen  Pteropoden  am  Ostabhange  des  Urals — M^m, 
de  I'Acad.  St.  Petersburg,  7th  ser.,  T.  XXXII,  So.  1, 1884)  bas  suggested 
the  probability  that  tbe  paleozoic  Styllolse  are  geuerically  differeut  trom 
the  living  members  of  the  genus,  and  proposes  the  name  Styliolina  for 
the  former.  S^lioUna  is  distingaished  from  Styliola  by  tbe  form  of  the 
embryonal  bulb,  tbe  lack  of  longitudinal  furrows  and  thorn-like  pro- 
cesses about  the  stoma,  and  tbe  presence  of  longitudinal  incised  tines. 

Genua  TENTACCLITEH. 
36.  T«ntaoaUtMi  snoUlvtriatoa. 

ItottoottlttM  fMuraia  Hall,  1876,  Hlns.  Devoniau  Fossils ;  not  T.  fit- 

turtOa  Hall,  1843,  Geol.  TS.  Y.,  Survey  Fourth  Oeol.  Diet 
TeHtaeviitet  graciUtMatiu  Hall,  1879,  Pal.  IS.  Y.,  Vol.  V,  Pt.  U,  p.  173, 
PI.  XXXI,  Fgs.  12, 13 ;  PI.  XXXI  A,  Figs.  37-47. 
This  species,  quoted  by  its  anthor  from  the  Marcellns  and  Hamilton 
shales,  I  bave  found  not  uncommonly  associated  with  the  foregoing. 

TentaaUites  graeiliatriatua  is  regarded  by  Earpinsky  in  the  work  cited 
above  as  a  synonym  for  T.  amtariug  Bichter. 
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PELECYPODA. 

Gennti  CARDIOLA. 

37.  CudioU  retrostjUta. 

Cardiola  retrogtriata  vou  Bucb. 

Venericardium  rctrostriatum  von  Buch.     Deber  die  AmmoQiten,  p.  50. 

Cardium pahiatum Go\iitnss,Pette{actAC)inuiuniD,  [>.  270,  PI.  XXXIII, 

Figs.  8-10. 
CardioJa  retrontriata  Keyserling,  1846,  Eine  Reise  iu  daa  Petsclioraland, 

p.  254,  PI.  XI,  Fiff.  3. 
AvieuU  gpeeiosa  Hall,  1843,  Geol.  N.  Y.,  Survey  Fourth  Geol.  Dist. 
Cardiola  speciosa  Hall,  Uiller,  1877,  Am.  Pal.  Fossils,  p.  186, 
Cardiola  speciosa  Hall,  1883,  Pa].  N.  Y.,  Vol.  V,  Pt.  I ;  Platea  and  Expla- 

natioim,  PI.  LXX,  Figs.  2-9. 
Mr.  Hall  desoiibed  and  figured  in  1843  (Joe.  cit.)  the  species  AmovUi 
speciosa,  and  has  more  fully  illustrated  the  same  under  the  name  Car- 
diola speciosa  iD  his  late  work,  Plates  and  Explanations  of  the  De- 
vouian  LamoUibrauchs  of  the  State  of  New  York,  the  entire  test  of 
whiuh  has  not  appeared  at  the  present  writing.  There  is  much  varia- 
tion iu  the  form  of  this  species,  as  it  occurs  in  the  Naples  ehales.  It 
is  here  the  most  abundant  fossil  in  the  group  (excepting  Styliola  Jiuu- 
rella),  and  the  hundreds  of  specimens  which  have  passed  through  my 
hands  shov  the  nature  of  the  variation  to  be  thus ;  The  outline  of  the 
shell  is  most  commouly  approximately  circular,  sometimes  becoming 
transverse.  In  the  circular  forms  the  shell  is  more  elevated  at.the  beak 
than  in  the  more  transverse  individuals.  The  varjatiou  in  this  respect 
is,  however,  slight,  and  only  to  be  perceived  iu  specimens  from  the 
calcareous  coucretions,  where  the  form  has  beeu  well  preserved.  The 
variatioD  iu  size  is  from  2  to  8"""  in  length  in  the  commonly  occaniiig 
individuals,  averaging  about  5"".  The  surface  is  marked  iu  thenoiimil 
form  by  eight  or  nine  ribs,  between  which  lie  comparatively  deep  sulci. 
ItHrely  the  ribs  become  as  many  as  twelve  or  fifteen.  They  are  crossed 
by  closely  oppressed,  retrally-bent  liues,  in  which  the  retral  bend  is 
sometimes  an  even  arc,  and  sometimes  sharply  angulat«d  at  the  mid- 
dle. Not  infrequently  each  of  these  ribs  is  bordered  by  a  fine  elevated 
margin,  which  limits  the  ends  of  the  retral  strise.  Many  of  these 
features  are  very  well  brought  out  in  Halt's  illustrations  of  Cardiola 
gpeeiosa  in  the  place  cited,  but  he  has  not  noticed  the  forms  with  the 
elevated  margin  to  the  ribs.  I  have  compared  C.  gptciosa  Hall,  with 
specimens  of  G.  retroslriata,  v.  Bnch,  from  the  Middle  and  Upper  De- 
voiiiau  of  Altenau,  Bicken,  Adorf,  Bredolar,  and  elsewhere,  and  to  my 
mind  there  is  absolutely  do  specific  difference  in  the  American  and 
European  species. 
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The  Enropean  species  varies  withio  even  wider  limits  than  tbe  Ameri- 
cau,  as  is  well  sfaown  in  the  illustrations  Riven  by  the  Sandbergei-s," 
where  the  three  varieties  represented  do  not  any  of  them  compare  favor- 
ably with  tbe  mostcommou  American  forms.  By  an  error  (op.  cit.,  p.  270) 
the  variety  there  mentioned  &a  Cardiola  retrostriata  var.  tgpw,  repre- 
sents var.  augidi/era,  and  no  iUnstration  of  the  typical  Torm  is  given. 
This  typuMl  form,  that  is,  the  one  most  nsnally  occaning  in  the  Upper 
Devonian  horizons,  ifi  well  illustrated  by  Ooldfass  (loc.dt),  Keyserllug 
[ioc.  cit.),  and  Boemer.^  This  form  bears  from  eight  to  ten,  sometimes 
twelve,  ribs,  and  its  scnlpture  is  the  same  as  in  C.  tpeoioaa.  F.  A.  Boemer" 
has  given  a  Sguie  of  Cardium  palinatum,  Goldfoss,  which  is  rather  more 
transverse  than  the  nenal  American  forms,  and  beais  twelve  ribs ;  this 
transverse  form  is,  however  to  be  found  in  the  Naples  shales  associ- 
ated with  the  others.  Cardiola  retrostriata  v.  Bnch  is  a  shell  of  very 
wide  distribation  thronghoat  tbe  Upper  and  Middle  Devonian  of  Eu- 
rope. Eeyserling"  has  described  it  from  the  Domanik  Schiefer  of  Pets- 
chora  Land ;  F.  A,  Boemer''  irom  the  same  horizon  (Mittel  Oberdevon, 
"  Domanik  Schiefer"  Gredner,  1883)  of  Altenau  in  the  Ober  Uarz.  It 
is  everywhere  abundant  in  the  same  horizon  throughont  Westphalia, 
in  the  Fichtel  Gebirge,  etc.  In  the  north  of  France  and  on  the  Belgian 
frontier  the  "Scbiates  i  Cardium  patmatum"  are  a  member  of  the  Up- 
per Devonian,  and  are  assigned  the  following  position  by  Oosselet^  in 
tbe  claseification  of  tbe  Upper  Devonian  beds. 

Psammites  du  Condroz,  Calcaire  d'(EtrEeungt  Fsammiteit. 

C  SchJstes  de  Famenne,  proprement  dits. 

a„i.:..»„.,  A^  Til „ 1  Schistes  &  Cardium  palmatum. 

ScluBtes  de  Famenne^  Caloaltes  cleTreton. 
I  Cuboides  Beds. 

The  relation  of  this  horizon  for  Cardiola  retroatriata  and  its  American 
horizon  'Will  be  well  seen  in  the  following  list  of  the  most  cbaracteristic 
foBsils  of  the  formations  lying  in  immediate  juxtaposition  to  the 
"  Schistes  k  Cordiuni  palmatum."  This  is  quoted  from  a  section  be- 
tween Marienbourg  and  Frasnes,  given  by  Gosselet.     (Loc.  cit.) 

1.  BAittM  ieFamtune: 

BhynchonelU  cuboides:  HamiltoD  group. 

R.  pngniia:  ChematiK  RsudBtoaea. 

BpirigeiB  ooQOODtTioa :  HunilUtn  grmip. 

S^ilfentdiqJDDota;  ChemoDg  landatonea. 

8.  ear; (^OMiM. 

S.  UnrcliiaoitiMia. 

PradaotnB  BDbMnle&tnB :  CheninnE  sandBtones. 

••TMstedn.  dM  Bh«ln.  Bohieliten-SyBt.,  PL  XXTUI,  Figs.  8,  9, 10. 
■LetluM  PalteoEoiM,  Taf.  XXXV,  Fig.  16. 
"Beitr.  sot  EenntD.  d.  Nordw.  H&n,  Taf.  IV,  Fig.  11. 
"LacM. 

"Beitr.  e.  geol.  Kennt.  d.  Nordw.  Han,  Tof.  IT,  Fig.  11. 
"Aonales  d.  Mines,  8er.  6,  Tom.  XII,  p.   595,  1867. 
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2.  SelU»te*  A  Cariium iMlnutium:  {Cardiola  retrottrUUa) ;  ^apl««  tlolM. 

Qonifttitea  retrorsoB:  Nftplea  shales. 
BhynchOQella  bijugats. 

3.  SMtlet  A  nodultt  argUo-ealeairet  (CoIiMirct  de  Trtlon) : 

Ebyooliunellacuboides:  Runiltou  gronp. 
,     Atrypa  reticularis :  Huailtan  group. 
Rbynclionella  bijngata. 
Spidfera  eury glosuia. 

Tbe  species  of  these  higher  Devonian  beds  haTet>eeQ  subject  to  mach 
greater  reeurrenee  in  Bnrope  than  in  America,  aa  was  early  noticed  by 
Bigsby.***  Bhynehonella  ouboidea  Sowerby,  is  fkirly  diagnostic  of  the 
lower  Upper-Devonian  and  the  American  species  after  its  type,  B.  vrittu- 
titUi  Hall,  originally  identified  as  R.  cuboidet  by  Conrad,  which  occara 
only,  as  far  as  known,  in  the  Tally  limestone,  at  the  base  of  tbe  Gen- 
esee shales,  is  strong  evidence  of  approximate  parallelism  of  the  Tally 
limestone  and  the  European  beds  eontaining  R.  ouboidea,  viz.,  the  Bifel 
ouboides  kalk,  the  Aix-la-Ohapelle  cuboides  schichteo,  tbe  Iberger  kalk 
of  the  HarK  Monntains,  etc. 

RhynekoneUa  pugnut  Bowerby,  which  ranges  into  lower  horizons  in 
Great  Britain  and  Europe  than  America,  is  to  be  regarded  as  an  Upper 
Devonian  or  Lower  Carboniferons  type,  and  in  the  section  given  it  oocnrs 
in  its  normal  position  in  association  with  Spirifera  diajvneta  Sowerby  {8. 
VenteuUi),  a  brachlopod  distinctly  upper  Upper- Devonian  in  its  type 
and  in  America  exclusively  so  in  its  species,  but  which  in  Belgium, 
France,  and  the  Bhineland  ranges  below  its  normal  horizon  into  tbe 
cnboides  beds.  Prodvctut  subaatleatua  Mnrchison  is  in  Europe  an  Up- 
per Devonian  fossil,  ranging  occasionally  into  tbe  Middle  Devonian.  In 
2Tew  Tork,  Hall  has  identified  it  from  the  Coruiferoas  limestone  or 
Lower  Devonian,  but,  according  to  Bigsby,  de  Vemeuil  has  mentiooetl 
two  species  very  similar  to  P.  «ul»aculeatii«,  collected  by  Lyell  &om  Tioga. 
If  by  this  Tioga  County,  New  York,  is  meant,  it  would  be  within  a  dis- 
trict of  Chemung  outcrops.  The  "Schistea  &  Cardium  palmatum"  are 
described  by  Gosselet  as  black  or  violet-black,  fissile  shales,  and  are  very 
like  the  bituminous  beds  of  the  Genesee  and  Naples  shales. 

Oardiola  retrostriataia  also  quoted*'  JVooi  the  shales  of  Torbay,in  Dev- 
onshire, with  0<miatites  retrortus,  Bactritea  Schlotbeimii,  and  Pleuroto- 
maria  turbinea,  which  Lee  regards  an  Upper  Devonian  borieon.  Leon- 
hard**  has  mentioned  the  species  from  Novaja  Semiia.  But  the  species 
Is  not  confined  to  Upper  Devonian  horizons.  Bigsb.v^qnoteaitfhjm 
the  Middle  Devonian  "  Oaloaire  de  Oivet."  Maurer**  refers  to  this  spc^- 
des  a  form  fh>m  the  Wiaaenbaeh  slates  of  the  Buppbachthal,  Lower  De- 
vonian.   Ton  Seehach  has  mentioned  it  from  the  Wiaambeu^  {Ooalar) 

.^Qnar.  Jonr.  Geo!.  8oc.,  Vol.  XIV,  1858. 
«  Lee,  Gool.  Mag.  new  ser.,  Vo!.  IV,  p.  100,  1877. 
«neb.p>I£az:OebildeimNord-DetiUohl.  a.  Belg.,  1844,  p.  139. 
*■  Tbeaanms  Devonloo-Carbonifljma,  p.  166. 
MJIenea  Jahibnch,  1876,  p.  808. 
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ghalei  of  the  Harz,  that  is,  lower  Upper  Devonian.  Barrois*^  has  foaud 
Sandberger'B  var.  angvlifsra  in  the  "  Schlates  de  Forsgaen  "  of  La  Bade 
de  Brest,  which  he  refers  to  the  Lower  Devonian.  It  also  occurs  in  the 
Bohemian  Upper  Silnrian,  Utaget  E.  and  3.  In  America  its  vertical 
range  is  much  more  limited.  I  have  the  species  ftom  the -Hamilton 
shales  of  Hopeweli,  Ontario  Oountj,  and  a  single  specimen  from  the 
bitaminons  Harcellos  shales,  giving  thus  £he  species  a  range  from  the 
base  of  the  Middle  Devonian  to  the  base  of  the  Chemnng  gronp  proper. 

Oenna  CABDJOLA. 

38-  Cardlola  Doric 

OoiriioXa  Dorit  Hall,  1883,  Pal.  K.  T.,  Vol.  V,  Pt.  I.    Plates  and  Expla- 
nations, PI.  LXX,  Pigs.  10, 11. 
A  rather  rare  species,  associated  with  Ltrnvlicardium  ornatum  and  L, 
aeniirottrum.    From  Psirish  Golly. 

a«niui  CABDTOMOBPHA. 
39.  Caidlomoipha  rabortalanlul*. 

MydUna  auborbumlaria  Hall,  1843,  G^eol.  liT.  Y.,  Survey  Fourth  GeoL 
Diat.,  p.  243. 

Oardiomorpha  tvborbumlaria  Hall,  1877,  Miller,  Am.  Pal.  Foss.,  p.  186. 
1883,  Hall,  Pal.  N.  Y.,  Vol  V,  Pt.  I.     Plates  and  Explanations, 
PI.  LXIII,  Figs.  %  10.    IlTot  U.  suborbicuUirU  Sandberger. 
This  is  a  very  abaodant  species  in  the  lower  shales,  and  very  strongly 

suggests  Cardiola  concentrwa  v.  Bnch,  of  the  lower  Upper-Devonian  of 

Westpfa^ia  and  the  Harz. 

0«DUB  LUKULICABDIUM. 
40.  IiOnnllou'dlBm  onutnm. 

iMiaUieardivm  ornatum  Hall.    PinTtopsig  omata  Hall,  1843,  Geol.  N.  Y., 

Snrvey  Fourth  Geol.  Dist.,  p.  244. 
LunulieardiuM  omatum  Hall,  1877,  Miller,  Am.  Pal.  Foss.,  p.  193.    18S:t, 

Hall,  Pal.  K.  Y.,  Vol.  V,  Pt.  I.    Plates  and  Explanations,  PI. 

LXXI,  Figs.  25-29. 
A  characteristic  species,  occurring  first  in  the  lowest  green  shales  of 
the  group  at  Cook's  Point,  on  Oanandaigna  Lake,  and  in  the  beds  im- 
mediately underlying  the  lower  black  band  in  Snydei-'e  Gully,  south 
bom.  Woodville. 

"ADDale*  dB  la  8oc.  Ocol.  dn  Nonl.,  Tom.  IV,  p.  89,  1677. 
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41.  Lanulloardinm  aoatlTOStnuii. 

Pinnopgis  acdtiroxtra  Ilall,  1843,  GeoL  N.  T.,  Snrvey  J'omth  Geol.  Dist, 

p.  244. 
Imnulicardium  acutirostrum  Hall,  1877,  UiUer,  Am.  Pal.  Fossils,  p.  103. 
1883,  Hall,  Pal.  N.  Y.,  Vol.  V,  Pt.  I.    Plates  and  Eiplanations, 
PI.  LXXI,  Figs.  30-32. 
"Sot  uncommon  in  the  soft  sliales  of  Parrish  Gnlly,  Briggs'  Oolly,  aod 
elsewhere. 

42.  LnnalloaTcUiiin  fragile. 

AvuMla  fragilis  Hall,  1843,  Oeol.  K.  Y.,  Survey  Foortfa  Geol.  Dist, 

p.  222. 
Aviculopectm  fragilis  Hall,  1877,  Miller,  Am.  Pal.  Fossils,  p.  184. 
Lunttlicardium  fretgilia  Hall,  Am.  Pal.  FossUe,  p.  193. 
L.  fragile  Hall,  1883,  Pal.  'S.  Y.,  Vol.  V,  Pt.  I.     Plates  and  Bxplaoa- 
.    tions,  PI.  LXXI,  Figs.  1-14. 
A  characteristic  and  aboodant  fossil  in  the  Oenesee  shales,  losing  its 
abnndaDce  with  the  close  of  the  "  traosition  shales,"  and  to  be  fonod 
but  spnriDgly  in  the  Naples  beds.    My  specimens  are  tcom.  Panish 
Gully. 

BRACHIOPODA. 

Oeuaa  LIHOULA. 
43.  T.iii(pii«  ligea. 

Linffula  ligea  Hall,  1860,  Tbirteeiith  Ann.  Bep.  N.  Y.  State  Gab.  Kat  Hist. 
L.  ligea  var.  Hall,  1807,  Pal.  S.  Y.,  Vol.  IV,  PI.  II,  Pig.  8,  p.  8. 

I  have  oC  tbia  spetnes  btit  two  individuals,  one  from  the  soft  abales  of 
Cashaquii  Creek,  Livingston  Gouoty,  and  the  other  from  tbe  higher 
sandy  shales  at  Naples.  Mr.  Hall's  specimens  are  qaoted  from  tbe  are- 
naceous layers  of  the  group. 

44.  Iitngnla  triqnetn,  n.  sp. 
(Plate  III,  Fig.  11.) 
Shell  comjiaratively  large,  broadly  spatulate,  the  sides  sloping  away 
very  evenly  from  the  ni)cx  at  an  aiigteof  about  50  degrees,  and  roauding 
somewhat  abruptly  to  the  anterior  margin,  which  is  very  transverse.  Id 
the  ventral  valve  the  apical  angle  ih  more  acute  than  in  tbe  dorsal,  pro- 
jecting slightly  over  tbe  dorsal  apex;  the  width  of  tbe  shell  on  theantch 
rior  margin  nearly  equal  to  three-fourths  the  length  of  dorsal  valve. 
The  surface  is  ornamented  b,v  concentric  ridge-lifce  lines  of  growth,  wbich 
are  not  all  of  the  same  size.  No  evidence  of  radiating,  decussatinj; 
lines.  Length  of  dorsal  valve,  18""°;  greatest  width,  13°"°;  length  of 
ventral  valve,  lOJ'"*".    Tbi»  species  resembles  somewhat  L.  lema  H. 
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aadL.paU^orAisB.oftbe  Humilton  stiales,  but  differs  ftom  tbe  former 
in  being  sborter,  more  transverse  oii  the  anterior  margin,  and  with 
straigliter  sides,  and  from  tlie  latter  in  it»'retative1;  less  widtb  aote- 
riorty,  more  abmpt  anterior  marginal  angles,  And  the  absence  of  radiat- 
ing titriSB.  . 

BRYOZOA. 

0«DnB  AULOPOBA. 

45.  Anl^>ora  aunecteaB,  a.  sp. 

(Plato  m.  Fig.  15.) 

A  single  specimen  of  this  species  attached  to  a  valveof  Lunulicardium 
omatvmhas  a  creeping  poljzoarium,  polyp- cells  scattered  at  nearly  eqnal 
intervals  along  it.  The  sclerenchyma  is  flaltened  and  the  polyp-cells 
evenly  sessile,  opening  directly  from  the  base  of  the  polyzoarinm. 
Polyp-cells  shallow,  and  with  a  nnmber  of  deep  striations  on  the  inner 
surface,  making  pseudosepta.  This  is  from  the  sandy  layers  iu  tbe 
lower  beds  of  the  gronp  on  Whale's  Back,  Ganandaigua  Lake. 

CRINOIDEA. 

QenDs  UELOCRINUS. 
46.  Meloorlnns  Clukel. 

Melocrinus  Clarkei  H.  S.  Williams,  18S2,  Kew  Grinoids  £rom  Books  of 
Gbemnng  Period.,  Proc.  Acad.  Nat.  8ci.,  Phila.,  p.  31. 
This  species  has  been  found  by  Mr.  Luther  in  the  shales  of  Hatch 
Hill,  Naples,  occurring  in  the  same  manner  ae  in  the  Genesee  strata,  a 
single  thin  layer,  which  is  a  mass  of  calices  and  columns.  It  is  the 
only  crinoid  yet  known  from  this  group  in  Ontario  County. 

PLANTS. 

GenoB  LEPIDODENDRON. 
47.  Lepldodendron  ptinuBvam. 

Lepidodeitdron  pHmavum  Bogers,  1858,  Geol.  Survey  of  Pennsylvania, 

Vol.  II,  Pt  II,  p.  828. 

Specimens  referable  to  this  species  occur  commonly  iu  the  upper  bitn- 

minonslayersiuNaplesandintlietownsbipof  Sparta,  Livingston  County. 

Usually  they  are  iu  a  poorly  preserved,  decorticated  "  Kuorria"  condition. 

Ontsidc  of  these  bituminous  strata  the  species  is  of  rare  occurrence. 

A  specimen  very  remarkable  for  its  size  and  beaaty  of  preservation  has ' 

been  found  by  Mr.  Luther  iu  theuppersandy  shales  of  the  gronp  at  the 
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openinfT  of  Grimes's  Golly,  id  Naplea.  This  Ir  a  loDg  trant,  meBSariog 
along  the  flattened  edge  Iff^  in  width.  When  foand  only  this  tnuia- 
verse  edge  was  exposed,  and  the  trunk  ran  directly  back  into  a  thick 
bed  of  compaist  shales,  so  that  it  became  necessary  to  remove  several 
hundred  cnbic  feet  of  this  rock  in  order  to  expose  it  Already  a  leogtii 
of  225°°'  has  been  worked  out,  the  diameter  of  the  flattened  trunk  con- 
stantly increasing  the  further  the  rock  has  been  penetrated,  and  it 
measured  ISO"'  in  section  at  the  spot  where  it  was  neoessary  to  break 
it  off  on  account  of  tbe  enormous  mass  of  rock  overlying.  I  trust  that 
soon  the  remainder  of  this  remarkable  specimen  may  be  anoovered,  and 
believe'  that  we  may  eventually  find  tbe  root  attached. 

48.  Leptdodendron  gMplMmm. 

Lepidodendron  gtupianum  Dawson,  1860,  Oauadian  Xaturalist  and  Geol- 
ogist, Vol.  V. 
Good  specimens  referable  to  this  species  are  to  be  found  in  the  higher 
sandy  shales  of  the  Tannery  Gaily,  in  Kaples. 

Genni  CTCL08TI0UA. 
49.  CjoloBtlgma  kBIim. 
CyehsUgma  affine  Dawson,  1881,  Qnar.  Jour.  Geol.  Soc.,  Vol.  XXXYII. 
This  species,  which  was  founded  on  specimens  taken  from  the  horizon 
of  tbe  S'aples  shales  in  the  adjoining  county  of  Yates,  I  have  fonnd  in 
the  bituminous  beds  in  Sparta.  The  specimens  have  been  identified  by 
Dr.  Dawson  as  belonging  to  this  species. 

QenDB  FUCOIDES. 
SO.  Fiioold«a  grapbloa. 

Fueoides  grc^Uea  Vannzem,  1842.  Geol.  N.  Y.,  Snrv^  Third  Geol.  Dist 
p.  172. 

This  paradoxical  fossil  occurs  very  widely  distributed  throughout  the 
flagstones  of  the  group,  always  as  long,  low,  oval  elevations  on  the 
nndor  surfaces  of  the  slabs,  a  fact  which  proves  that  whatever  the  nature 
of  the  fossil  may  be  it  represents  only  tbe  fillings  of  depressions  ou  the 
originally  muddy  sea-bottom.  These  may  have  been  formed  by  the 
wallowing  of  some  animal,  or  by  the  decomposition  of  sea-weed  over 
the  bottom,  but  it  is  impossible  yet  to  decide  their  true  origin,  as  they 
have  not  been  sufficiently  investigated. 

A  number  of  other  species  have  been  described  from  the  rocks  of  this 
age  in  New  York  State  by  Conrad,  Hall,  Dawson,  and  Williams,  which 
I  have  not  as  yet  been  able  to  find  in  the  district  under  consideration. 
Some  of  these  c^nuot  be  identified  on  account  ot  lack  of  completeness 
in  the  original  definition  of  the  species.  This  is  especially  true  of  the 
Pelecypoda,  of  which  I  have  a  large  numbsr  of  unidentified  forms,  any 
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description  of  wbich  I  feel  obliged  to  defer,  as  Mr.  Hall's  study  of  these 
fossils  tsjust  isHuing  from  the  press,  and  probably  any  descriptions  of 
nine  would  iiicreutw  the  unfortuoate  confusiou  which  has  hitlierto  ex- 
isted ill  regard  to  the  New  York  Devoniao  Pelecypoda. 

The  following  species  lunst  be  added  to  complete  the  list  of  the 
known  fauna  of  these  rocks: 

Gompliooeras  Ajax  HsII. 

IWJ,  Pal.  N.  Y,,  Vol.  V,  Pt.  11,  p.  350,  PI.  XCIV,  Fig.  8. 

This  species  was  described  from  the  shales  of  the  Portage  gronp, 
at  Penn  Yan,  5.  T.        ' 

Orthooaras  Thyastei  Hall. 

1879,  Pal.  N.  Y.,  Vol.  V,  p.  306.,  PI.  LXXXVIII,  Fig.  2. 

An  exceptionally  large  an<1  robast  species  "  from  the  soft  shales  of 
the  Portage  group,  near  Watkins,"  Yates  County. 

Otthoo«ras  Atr«uB  Hal). 

1879,  Pal.  N.  Y,  Vol.  V,  p.  305,  PI.  LXXXVIII,  Fig.  1,  and  PI.  LSXXIX,  Figs. 
10,  11. 
Another  extremely  robust  species  quoted  f^om  the  "  Calcareous  layers 
of  the  Portage  group,  at  Peim  Yan,"  YatesCounty,  and  from  near  Port- 
ageville  on  the  Genesee  Itivcr. 

CoiiTilula  coDgregata  Hall, 

1S7G,  Illaa.  of  Devonian  Foaoils,  PI.  XXVIII,  Fig.  1. 

18W,  Pal.  N.  Y.,  VoUV,  Pt.ll,  p.  2H,  PI.  XXXIV,  Fig.  1;  PI.  XXXIVo,  Figs. 
9, 10,  11. 
This  is  cited  "from  the  shales  of  the  Portage  group,  near  Ithaca, 
N.  Y." 

Avtoola  trlradlata  Conrad.  , 

18)2,  Vannitom,  Oeol.  N.  Y.,  Survey  TUird  Oeol.  Dist 
Not  mentioned  by  Hall  iu  his  final  report  on  the  Avicniidte,  1884. 

boolua  retosa  Hall. 
ITacnla  Uoeolata  Hall. 
Aatan«  anbUxtfllB  Hall. 

1343,  Gcol.  N.  Y.,  Surrey  Fonith  Geol.  Dtst.,  p.  345. 

These  species,  early  described  by  Hall,  do  uot  appAr  in  his  recent 
monograph  of  the  Devonian  Pelecypoda. 

Caidiomondu  -ondalata  Hall. 

IStS,"!-*!.  N.  Y.,  Vol  V,  Pt.  1.    Plates  and  Explanations,  PI.  LXHI,  Fig.  16. 

Cardlomorpha  textUis  Hall. 

1B83,  Pal.  H.  Y.,  Vol.  V,  Pt.  I.      PlahM  and  Explanatioiia  PI.  LXllI,  Figa. 
11-15. 


PlatBH  »ud  Esplanation«,  PI.  LXX,  Figs.  l»-20. 

I  have  notha4l  opportnnit,v  of  comparing  these  figures  with  my  speci- 
mens. 

(fl'J)    . 
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Oitliis  tennUtiiata  Hall. 

Id82,  Geol.  N.  Y.,  Survey  Fourth  G«ol.  Dist.,  p.  246. 

Ko  nieutioQ  bas  been  ni»(le  of  this  fosail  in  Hall's  monogrspli  of  ttic 
New  York  Devonian  Bracbiopoda,  and  it  is  hardly  to  be  regarded  as  u 
member  of  this  fauna. 

Splilfsra  iaevia  Hall. 
DeltbTils  UevU  HaU. 

184^,  Geol.  N.  Y.,  Survey  Fontth  Gt»ol.  Di«t,  p.  846. 

BplTlfera  Uevto  Hall. 

1867,  Pal.  N.  Y.,  Vol.  IV,  PI.  XSXIX,  p.  239.     ' 

This  species,  which  is  not  uDcommon  in  localities  east  of  Ootario 
County,  seems  limited  to  those  beds.  I  do  not  know  of  its  occnrrence 
west  of  Tompkins  Conuty. 

Cianla  oentralla  Hall. 

1879,  Pal.  N.  Y.,  Vol.  V,  Pt.  U,  PI.  LXXXVni,  Fig.  a,  under  aipUnation  of 
the  figure  of  Orlhocerat  TltgeHleg. 

CjathocrlDaa  oinatissjmiw  Hall. 

I  43,  OboI.N,  Y.,  Survey  Fourth  (ieoI.DUt.,  p.  247. 

The  individaaU  upon  which  this  species  was  founded  were  taken  Ironi 
the  Portage  shales  at  Portland,  on  Lake  Erie.  I  have  no  knowledge 
of  its  having  been  found  in  any  other  locality,  and  the  species  has  Dever 
as  yet  been  OArefully  diagnosed. 

PotailocrlniiB  (Decadootlniu)  ZeUras  WillisntK. 
TaxooilniiB  Itbaoenala  WilliaiuH. 
TucoorinuB  onrtna  WjllUms. 

1882,  New  Crinoide  from  the  ChemDUg  group  of  New  York. 

These  three  species,  described  by  Dr.  Williams,  ttom  tlie  vicinity  of 
Ithaca,  I  have  not  as  yet  found. 


Aateropteiia  Noroboracanala  Dawsou. 

leei,  Quar.  Jonr.  Geol.  Soo.,  Vol.  XXXVII,  p.  299,  PI.  XII,  Flg*l-9. 

Bquiaetldes  Wrigtatlaaa*^  Dawson. 

1881,  Qoar.  Joor.  Geol.  Soc,  Vol.  XXXVII,  p.  301,  PI.  XII,  Fig.  10;  PL  XUI, 
Fg.  20. 

The  last  two  of  these  species  were  described  &om  specimens  found  in 
the  adjoining  county  of  Yates. 

•*In  the  Geological  Magazine  for  September,  1884,  T.  R.  Jones  and  H.  Woodwanl. 

regarding  the  original  ofthJa  apeciea  aa  the  abdominal  aegmente  of  a  Phyllopod  onia- 

Btacean,  have  thus  described  it,  under  the  name  EiAinoearU  WrighUtaui.    If  thia  \n 

correctly  referred  the  original  animal  must  have  beeu  of  coloaaal  dimensiona, 
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THE     PBTROGRAPHIC    AND     PALEONTOliOGIC    CHARAC- 
TERS   OF  THE   PORTAGE   BEDH. 

TYPlCAl,  EXPOS  UtIEI4. 

1.  Id  the  towu  of  Naples,  tbe  GrimcH  and  Tttuiii^ry  Giilli.^« ;  ou  Hatch  Hill ;  ou  tbe  Gar- 

liDgboiite  road,  »nd  at  Inglesidf . 

2.  lu  tbetownofllal.y,  YkteR  CouDty,  the  Clark  Gnlly. 

3.  At  Dansville,  Livitignton  (,'oiinty. 

4.  Od  tbe  Genesee  River  at  Portaj;eviIle. 


From  the  litgbeat  hoiizuii  referred  lo  tbe  preceding  group  of  shalefl, 
riBe  about  600  feet  of  heavy  bedded  grny  and  greenisb  aaudstonea)  witb 
some  flagstoneit  near  tiieir  base,  aud  oceusional  ititertaniiiiiittons  of 
arenaceous  shales.  Tbeae  were  originiilly  grouped  witb  the  Oashaqiia 
and  Ganleau  diviuioiis  of  Hall,  at<  baa  already  been  noticed,  under 
the  name  Portage  group,  and  it  may  be  that  thia  was  done  more  on 
negative  thau  poaitire  evidence,  as  tbeao  sandy  layers  are  very  biirreii 
of  all  organic  n-maina.  The  paloontolo^'ical  connection  between  these 
Portage  sandstones  and  the  un<lcrljing  ynplcs  sliulea  ia  very  slight,  and 
between  the  two  must  be  drawn  the  line  which  aeparatea  tlie  fauna  of 
the  Ilaunlton  period  from  tha  toft  he  Cliernung.  The  original  doscription 
at  Hall  characterized  these  aandstonea  by  the  abundance  of  the  worm- 
borings  Scolithva  {Fucoides)  verticaliH,  and  these  I  have  found  to  be  quite 
al)undaDt,  eapeciully  at  the  top  of  the  tserics  and  immediately  auderiy- 
iug  the  beda  bearing  tbe  important  Uigh  Point  Fauna  presently  to  be  . 
noticed  more  at  length.  At  Iiigleside,  in  the  township  of  N^aples,  I 
have  foand  in  tbeae  aaudstonea  Dictyopkyton  tuberosum  H.,  a  fossil  re- 
ferred to  tbe  Hexactineltid  sponges  by  Uall,"  \VhitBeld,"B!irroi8,^'and 
to  the  Algte  by  Koemer;"  also,  Amboccelia  umbonata  Conrad;  these 
about  SCO  feet  below  the  summit  of  the  group  on  High  Point,  3  miles 
west  of  the  village  of  Naples.  Dictyophyton  tuberosum  I  have  also  found 
within  300  feet  of  the  upper  limit  mentioned.  This  fossil  maal  be  re- 
garded as  cbaracterietie  of  the  Chemung  fauna,  aa  it  ia  not  known  to 
occur  outside  of  Chemung  horizons. 

"Thirty-fifth  Ann.  Rep.  N.  V.  State  A. us,  Knt.  Hint.,  1H83. 
"Am.  Jonr.  Sci..  Vol.  XXIJ,  July  anil  Aug..  1881. 

""DictyoBpon^iiliii  dew  rsaiiiiiiirL-ii  ilii  Uoiiilroi,"  Anuales  de  I.  Soo.  Geol.  dn  Nord, 
Tom.  XI,  188.1. 

>"'U«nierli.  neb,  Hall'ii  Galtuiig  DUIj/ophi/toa."    Sitzuugaber.  der  schleinscb.  Gesell. 
l«r  v»tertan.l.  Ciiltnr,  IS*!. 
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Amboaelia  un^tonata  is  also  a  cbaractenstic  and  abandant  Gbemtmg 
foBsil,  tbongh  it  occnrs  as  a  member  of  the  Hamilton  fauna,  1,000  feet 
below.  Id  the  aaudBtones  and  flags  of  .Grimea'B  Gatly,  in  Naples, 
at  a  distance  of  abont  600  leet  below  the  High  Point  horizon,  I  have 
fonnd  the  GhemODg  fossils  Leiorhynclius  megacoatalh  H.  and  {t)  Diaeina 
hoHi  H.  Besides  these,  Mr.  Liifher  Las  more  lately  detected  AmboceeUa 
vmbonata  Con.,  Atrypa  aspera  H.,  Stenochisma  ejimivm  H.,  and  some 
anidentified  species  of  Productella.  Below  this  fossiliferous  stratum 
and  within  10  feet  of  it  are  beds  containing  the  characteristic  species  of 
the  Naples  shales,  viz.,  Oardioia  retroatriata,  Ooniatites  annplanatus.  Col- 
eoIiM  aoieulum.  Farther  than  the  six  species  mentioned,  all  of  which 
are  cbnracteristio  of  the  typical  fanna  of  (he  Chemung,  I  know  of  no 
other  fossils  from  these  Portage  sandstones,  with  the  exception  of  the 
cnistaceau  species  described  by  myself,  viz.,  Spathiocaria  Emcrsovi,  Dip- 
terocaris  Procne,  D.  pennfC-Dadali,  front  the  beds  in  the  town  of  Oanadice, 
and  D.  pe»-cerv<E  from  Dansvilte,  Livingston  County.  There  are  thos 
ten  well-defined  fossils  (exclusive  of  Fucoitleii  grapkica  and  Scotithm  ver- 
Ucalit)  wbicb  constitute  the  known  fauna  of  the  Portage  sandstones,  two 
of  which,  namely  J>.  pentueDadali  and  D.  pet-cerva  may  be  peculiar  to 
it;  seven  belong  to  the  Chemung  fauna  above,  namely,  Dipteroearia 
I'rocne,  Amboccelia  amboTuHa,  Atrypa  aspera,  Leiorhynckus  meiaootUdig, 
■  Stenochisma  extmiKm,  (f  ]  JHgcina  Leoni,  IHotyophyton  tuberosum,  and  one 
comes  over  from  the  Naples  fauna  below,  namely,  Spathiocaris  Emer- 
toni. 

The  following  table  gives  a  list  of  all  the  fossils  now  known  to  occur 
in  the  Genesee  and  Naples  beds  in  New  York,  and  shows  what  portioii 
of  these  faunas  and  floras  have  been  derived  from  the  rooks  below  of 
the  Hamilton  Period  and  what  members  pass  upwards  into  the  rocks  of 
the  Chemung  Period.  It  therefore  affords  the  evidence  upon  whiish  the 
Naples  shales  and  the  Portage  beds  must  beassigned  to  their  appropri- 
ate horizons, 

As  a  result  of  these  investigations  the  fauna  and  flora  of  the  old 
Gashaqua  and  Gardeau  beds,  i.  e.,  the  Naples  shales,  are  increased  by 
32  species  or  50  per  cent,  (for  Ontario  and  adjoining  connties,  66  per 
cent.),  an^  of  the  Genesee  shales  the  list  is  increased  bj  27  species  or 
48  per  cent,  of  the  known  fossils  of  these  rocks  occurring  in  the  State, 
and  60  per  cent,  of  the  known  contents  of  the  rocks  iu  Ontario  CoDOty 
and  vicinity. 
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A  lal  of  tkf  /Mtili  oeorriBS  in  lie  (la 
with  ikt  naoiei  0/  iptcit*  kereto/ort  W      ,      , 
Xae  York,  lat  not  tu  ftt  ktown  ailhin  thi»  Strict. 


FolmnaOHudiMuMBioae 

namAit  Hinde 

priiwipt  HlDde 

polmoluf  Hlndfl 

fuiMUUu  Hisdc 

^ufltddutnTottntHiud*,. 

jpfMCu  Hlnda 

mviil'iliM  Hlnde 

armohu  Hlode 

aW0u£aru  Hipde , .,„, 

MaieUpa  IVtwkimn  ClHks       

PruEacoMAw  Kduiiu  ClM-ke 

PaSa^niiiait  dtbonieuM  CUrke^ '-....... 

AcnntAoddii  VTMit  CUrke 

MeoNiikui  Twnioilu  Hull 

Cmrmtioeoru  loHffiaandu4  HiklJ ,   ,..w 

riwDttt  Clsrkd 

i(»<*(Ti  Clarke 

£elU1u«ru  WMMWdi  Uluks 

ITT^hiaiui  DawwB 

SpatMatarft  £vier,tniC\tAt, 

Ji^Urotarii  poHuxDaiiiK  Clerks 

jm^armr  Clarke 

Frofne  Clarke .-.._..._ 

BevrieUa  DasoHCi^Tlie 

Oumatitea  mnptanatuM  BaA\ 

lar.  ptrlaUu  BtH 

diteoidmt  Hall 

tini«i|rtilarii  Hall 

PiiUrteni  Hall 

MtOflaCuiHall 

•fauaroBall 

LuM<H  Clarke 

■umVct  Clarke 

ptrvenbitBUl 

Ohimmufttitii  HaU  Mr. .v... 

Aitarta  Clarke 

OrCAowmtpaeolar  Hall 

BdwlndH  Clarke 

Oatario  Clarke 

iCtMn*  Clarke 

iltoeM  Clarke  - 

JTepAtfts  Clarke 

J.f»»dfiu  Clarke .._..,_...._ 

rj^MtMHBU 

AlrtiuEM 

Oompkaetnt  Ajax  BM 

KatMiBaJ 

Votttdaria emtgrtgaf^  HaU  --. 

QyoIiUai  JTrapeUi  Clarke 

Citir^ltu  onmtvTn  Hall...--..- 

TmtaeulUa  graeilittriatvt  Hall 

MlliMa/HurdlaUall  

IMlmphim  natatoT  Eai\  

iMUM  CUrke 

itriofw  Pemnue  and  d'OrblKW  . . 

£iwnfnbilu(;.lBfH>(luew  Hall 

liOfeuma  Hoe  Claire -  -  ................ 

Faiiuotriirkut  fTaaanBr  CitilLt    

PlatyeitBma  niniiCtatnium  Clarke 

Brfial  Clarke 

if oawAfOtu  (t)  Jfoloek  Clarke 

FIwniliniHITia  winllaria  Cimrad 

nvHbiUHall 

/tui  Mf.  (mKdjnVa  Hall 

Cardiola  rttrDieruta  T.  Bneh 

i>ori»HaIl .„ 

ra0t]fAa  rvborbif 

lAtn^^MeardiunJragiU  Hiill. ..-.-- - 

J)aWMie»Clwke^.'.'.V.".'.'."..*".'.'.-''"i"^ 
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A  ltd  0/  thefmaili  occurring  in  llii  (inn si  1,  .".(,•  (ji,  mn'  l'nr',«-ji  fi/,-.',  cd;.— Coiifinucil. 


^iti/tra  Vntit  Hill  

i(<IpA«(i- Cbirko 

Pluto  Clniko       

'  I  umbonata  Conrrd. . . 


Irpidanatt  ... 
Lriarhimeltni  fuoitnrod 


ipatulafaBMn 


JldoeriBBt  Clnrfcrf  Willhinia 

PoltrietrhmM  XtOita  Wllltonui 

Tatoeriiua  lUacaui  WUlluis 

curKit  WIlliBiiiii 

.tulojioni  maeclfluUlnrke ... 

t'iaaoehmut  up 

IXelyophiftan  tvlreronm  Hall- 

Ciiiiliiiliipaa  efinr  Dnwmn 

A  t/tn^ttrijt  nortbtrranntit  Dawaod  -  - 

DoAajlsn  Ctertn  """"nn 

CladeTiili,ii  1   ' 

Ijtpidodendron  prir _.    . 

Calamilit  inornanu  Uxtaon 


I   I  ill 


f|  si  1 11 


bDawun.. 


Fucoida 


w  DacMi 


.1 


Thns  of  47  spociea  occurring  in  the  Xaplea  tiliales  of  this  distriel,  15 
species  or  3t  pt-r  cent,  occur  also  in  IIk'  fuiina  of  the  GeneBee;  1  ape- 
cieH  (3  incliuliiig  Fucoitics  graphiea  mid  Scolitkvs  rrrticalin]  or  2.1  |)er 
cent,  in  the  fiinua  of  tiic  Pyrtage ;  !>  spi'cies  or  19  jM'r  c*iit.  in  the  f'uunu 
of  the  Hamilton  projier. 

Of  32  species  (not  inclmling  11  a[tecioa  iH-lon^^ing  to  tlie  pyrite  faana) 
here  noted  as  occurring  in  the  Goneaee  isliales  of  the  district,  16  species 
or  50  per  cent,  occur  also  in  the  fauna  nf  the  Naples  shales ;  11  species 
or  34  per  cent,  in  the  lanna  of  the  naiuilton  proper. 

Of  12  species  which  here  occur  in  the  I'uitiige  beds,  1  {3 !)  8pecie.s  or 
8.5  per  cent,  is  found  also  in  the  Xaples  shales ;  7  species  or  60  per  cent_ 
occur  in  the  overlying  Olieuiung  beds. 

Tliere  are  two  conclusions  to  be  drawn  from  tliesu  tables,  iiamely,  (1) 
that  tlio  Naples  shales  have  no  such  paleontological  relation  to  the 
rocks  of  the  Chemung  Period  as  to  jnstify  the  union  of  them  wilb  these 
rocks;  (2)  tliRt  their  fauna  and  Horn  is  more  closely  allied  to  those  of 
the  Hamilton  shales,  and  that  therefore  these  beds  ar^  to  be  regarded 
either  as  constituting  the  nppermost  member  of  the  Hamilton  Period,  ix, 
(104) 
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together  witb  the  Geuetuiu  Hliale»,  repri^»uutiu(;  a  iliutiuut  geological 
epoch. 

From  the  facts  (1)  that  only  10  of  the  00  H|)ecief>  wliieli  may  be  re- 
ferred to  the  borizoD  of  the  IN'aples  shales  id  New  York,  aod  15  of  the 
56  speciee  In  the  Uenesee  Bhales  occur  in  the  fituna  of  the  Hamilton 
epoch,  aod  (2)  that  aa  far  aa  it  is  possible  to  trace  a  oorrespoDdence 
between  these  And  transoceanic  faunas  they  appear  to  belong  to  a  lower 
Upper-Devoniao  horizon,  and  (3)  that  the  trausitiou  from  the  Qenesee 
to  the  Naiilcs  beds  is  so  gradual  petrograpbicaliy  and  paleontologically 
that  a  very  Btrong  line  of  division  between  them  ia  not  possible,  Ihe 
more  probable  conclusioD  ia  that  these  two  groups  of  strata  represent 
the  epoch  of  the  lower  Upper-D^voni^o  in  Western  New  York. 

*   (105) 
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Overlj  iug  tlio  tliick- bedded  "  sandstone  with  vertical  flicoids,"  which 
was  described  by  Mr.  Hull  as  composing  the  ti'rmiiial  mass  of  the  Port- 
age sKudstuues,  iu  a  stratum  5  feet  in  tliickncss  whivh  contains  a  fauna 
of  inach  interest.  This  was  discovered  in  1878  by  Mr.  D.  U.  Luther, 
ou  the  summit  of  "  High  Poiut,"  a  niouutaiti  standing  1,900  feet  jiIjovo 
the  sea,  aud  aituiited  about  3  miles  northwest  of  the  Tillage  of  Na- 
ples. The  exposure  of  the  sttatiim  is  quite  bmited,  and,  as  it  is  in  giiu 
only  on  the  sheer  face  of  a  high  cliff,  has  been  studied  mostly  from  the 
ftagmentx  which  have  fiillen  into  the  talus  below.  1  know  as  yet  of 
'  no  other  outcrop  of  the  stratum,  although  I  have  reason  to  l>elieve  that 
it  will  be  found  among  the  high  hills  lying  to  the  south.  The  contaiu- 
ing  rock  is  a  sandy  limestone,  or  a  sandstone,  with  a  large  intermixture 
of  calcic  carbonate  brought  in  by  the  fossils  it  contains,  and  is  iu  places 
largely  composed  of  fragments  of  criuoid  columns.  It  baa  afforded  me 
the  following  fauna:  . 

Rhynchonella  pugnua  Miu^in. 

Atrypa  aapera  Hall. 

A.  retieularig  Ijinnieus. 

A.hystrix  Hall, 

Streptorhynckua  Ghemungensis  Hall. 

^wri/era  dujuncta  Sowerby. 

S.  gubattenuata  Hall. 

8.  megacoatali*  Hall. 

8.  bimeaialU  Hall. 

Amboeoflia  umbonata  Conrad. 

Strophodonta  Cayuta  Hall. 

8.  variabilis  Calvin. 

8.  exilia  Calvin. 

Produeiella  epeetota  Hall. 

Ortkis  in/era  Calvin. 

Ckonetea  setigera  Hall. 

Crania  sp. 

Pterinea  sp. 

Polypora  sp. 

Fenestella-  sp. 

Zapkrentis  sp. 

Receptaoulitea  sp. 

Dadoxylon  Glarkei  Uawsoii. 

Bhynchodus  sp. 

Oladodus  sp.,  and  other  undetermined  Hah  remftins. 
«  (106) 
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lu  tlie  sntDmer  of  1882  I  inadu  Dr.  il.  H.  WillianiB,  vf  Itliaca,  ac- 
qaainted  with  the  locality,  and  he  has  identified  the  following  addi- 
tional species:'! 

Productella  dissimitU  Hall. 

Orthii  I»u>entns  Hall. 

Stropkodonta  arcuata  Hall. 

S.  (Strophonella)  rtverta  Hall. 

S.  Canace  Hall  and  Whitfield.    . 

Bpinfera  Orestes  Hall  and  Whitfield. 

Stenochiamacontractum  Hall. 

FithtUpora  (Kxideris  Hall  aod  Whitfield. 
Of  tbi8  fauna  only  the  following  species  Iiail  been  previously  r8C<^- 
uized  from  the  Chemung  groap  of  New  York  State: 

Atrypa  aapera  Hall. 

A.  relicularig  Linnfens. 

A.  hystrix  Hall. 

Streptorkgnckus  Ckemungenaia  Hall. 

8tropkodonta  Cayuta  Hall. 

Spiriftra  meaacogtalia  Hall. 

8,  diyuncta  Sowerby. 

Prodvetelld  gpeciosa  Hall. 

Chonetes  setigera  Hall. 

Amboccelia  umbottata  Conrad.     . 

Stenochimna  contractum  Hall. 
Bkyjuhonellas  very  closely  allied  to  pvgnm  Mart,  have  already  been 
recognized  In  America  by  Meek"  in  the  subcarboniferona  rocks  of  Bock- 
ford,  Indiana,  and  Cbontean  Springs,  Missonri,  in  forms  which  are  closely 
comparable  to  the  English  and  Irish  carboniferous  forms.  These  have 
been  referred  to  the  species  R.  Mumvriensis  Shumard.*^  Marcoa,in  1858, 
and  McChesney,  io  1860,  described  species  of  quite  the  same  type  as  R. 
pujptua,  the  former  ander  the  name  if.  Rockymontanaf  the  latter  with 
the  name  R.  eatoniae/ormu,  from  the  carboniferous  of  Utak  and  Illinois 
respectively.  Although  R.  pKgnus  belongs  to  a  carboniferous  type,  and 
occurs  abundantly  in  the  English  and  Irish  carboniferous  rocks,  it  is 
also  in  the  same  countries  a  member  of  the  fauna  of  the  Middle  Devo- 
nian.**   It  isa  well-kuowD  fossil  in  the  Bhenish  Devonian"  thronghont 

"Am.  Joar.  8oi.,  Vol.  XXV,  Feb.,  1883. 

Dr.  WiUiamahaa  aomewhat  foreBtalled  myworknpon  thia  fauna  b;tbe  pnblication 
of  tbis  article  npon  A  remnrkabk  Fauna  at  the  ba«e  of  the  Chemung  Oroap  In  New 
York,  bat  my  obserrationa  here  indorse  and  materially  strengthen  the  euaiUal  vUws 
there  set  forth. 

»G«ol.  Snrvey  of  Jllinoia,  1866,  Vol.  II,  p.  154. 

<"G«a\.  of  Missonri,  Sfl  Ann.  Bep.  1855,  p.  304,  nnil  Meek,  Geol.  Snrve;  of  Illinois, 
Vol.  II,  p.  1&3. 

'•Davldaotr,  Uod.  British  Dev.  Braoh.,  p.  60. 

'•Uauer,  Nenn  Johrbnoh,  1875 ;  Eayser,  Zeitsobr.  d.  d,  Oeol.  Geaell.,  Band  XXHL 
(107) 
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the  Stringocephalen  Kalk  aud  tliv  Upper  Calceola  Schiubton,  but  here 
it  is  not  to  be  reganled  as  a  diagnoatic  fosBil,  inasmuuh  aa  its  more 
usaal  occurrence  ia  at  a  bigber  borizoD.  K&yser,"  Kuemer,  and  Sctilon- 
bacb  quote  it  from  the  vicinity  of  Eschweiler  aiid  Aacben,  where  it  is 
associated  with  Spiri/era  disjuncta  at  a  'horizon  wbich  parallellizes  with 
the  Lower  Cbemnug  of  America,  In  Belgium  and  tbe  north  of  France 
it  is  quoted  by  Bureau'*  from  tbe  Cop  Chous  liraestoue,  associatcti  with 
Rhynchonella  cuboidei,  and  by  Goaselet"  from  the  "Schistes  de  Fa- 
menue,"  in  association  with  S.  dinjuncta  and  R.  tuboides,  both  of  wbicb 
horizons  agree,  as  nearly  aa  we  can  expect  agreement  in  so  widely  sep- 
arated formations,  witb  tbe  Chemung  group  of  New  York. 

Tbe  forms  of  this  species  occurring  iu  tbe  libenisb  and  Harz  Devo- 
nian show  a  variation  ftom  the  typical  forms  of  R.  pagnva  figured  by 
Davidson,  and  this  author  has  referred  tbe  examples  figured  by  the 
brothers  Samlberger  to  R.  acvviinata  MHrtin.  Nowhere,  to  my  knowl- 
edge, does  this  species  in  any  one  Devouian  fauna  present  bo  consider- 
able a  variation  as  tbe  specioiena  from  High  Point.  Certain  individuals 
with  only  a  medium  elevation  of  the  mesial  fold  and  with  lateral  plica- 
tions acute  at  tbe  mnrgiu,  becoming  obsolete  over  the  visceral  regions, 
represent  the  type  of  R.  pugnv^.  Others,  with  extremely  acute  and  ele- 
vated anterior  margin  and  only  traces-of  one  or  two  lateral  plications, 
represent  the  varieties  of  R.  acuminata,  mesogonia,  or  plicata  Phill."  R, 
pugnux  is  one  of  several  Devonian  species  of  cosmopolitan  range,  and  it 
has  from  the  time  of  its  Urst  appearance  in  the  MiddleDevonianof  Ger- 
many  to  its  disappearance  in  the  Lower  Carboniferous,  adapted  itself  to 
tbe  change  in  the  probable  westward  migratiou  of  tbe  Devonian  fauna 
of  Europe,  and  has  as  a  specific  type  outlived,  without  much  variation, 
most  of  its  earlier  associates. 

Dr.  Williams  has  compared  the  fauna  represented  in  tbe  second  of 
the  lists  given  above  with  a  peculiar  and  interesting  fauna  originally 
described  by  Hall"**  from  Lime  Creek,  near  Rockford,  Iowa,  and  subse- 
quently reviewed  by  Dr.  C.  A,  White.*'  By  these  two  authors  this  fauna 
was  regarded«as  belonging  to  the  Hamilton  group.  I^ater  Messrs.  Hall  . 
and  Whitfield"  published  a  study  of  the  same  fauna,  describing  some 
additional  species,  and  referred  it  to  the  Gbemuug  group,  and  more 
lately  Mr.  S.  Calvin  ^  has  reviewed  tbe  fauna  and  given  a  complete  list  of 
its  members  as  known  to  date.    Calvin  had  also  previously  described** 

""Ka^sor,  Zeitschr,  d.  d.  Geol.  Geaell,  Band  XXII,  p.  ml. 
"Bull.  Boa.  Geol.  de  France,  Sme  ser.,  T.  XVII. 
"  M  Bull.  Soc.  Geol.  da  France,  Sme  aer.,  T.  XVIll,  p.  18. 
»Mon.  British  Dev.  Bracti..  PI.  XIII. 
«  Oeolog;  of  Iowa,  Vol.  I,  Pt.  II,  1858. 
"  Geology  of  Iowa,  Vol,  I,  p.  187,  1870. 
"Twentj-tbirtl  Ann,  Rep.  N,  T.  Stat*  Cab.  Nat,  Hist,,  1873. 
"Am,  Jour.  8oi.,  Vol.  XXV,  June,  1883. 
"Boll.  U.  8.  G«oL  Survey,  Voi.  IV,  No.  3, 1878. 
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»u  iutereatiug  fauna  from  a  bed  of  black  sihali^s  at  In<Ieptiiidduce,  Iowa, 
whicb  underlies  tlie  main  betis  of  the  Devoniau  strata  iii  that  State, 
known  as  the  Devonian  liinestones.  The  RockCord  ehales,  coutaiiiing 
the  Lime  Creek  fauna,  overlie  these  DevoDiuu  limestones,  and  several 
of  the  species  occurring  in  the  higher  horizon  are  also  found  in  these 
lower  Independence  Hbales.  For  the  purpose  of  bringing  out  clearl;^  the 
correspondence  between  the  Hi'h  Point  fanna  of  Ontario  Oounty,  and 
Ibe  fauna  of  the  Lime  Creek  and  Independence  beds  as  given  by  Calvin, 
leaving  aside  the  Coelenterate  fauna  of  fbe  Lime  Creek  beds,  the  follow- 
ing table  will  suffice: 


ii'iri? 


OrypimtUa  Calvini  E 

Oyptdvla  oedimtaiiM  I 
Oin.  mvndaCHlvln.,. 
^orkmckluJrU/a.. 


iZy«ft«KUa  amMffua  < 


_.  iiuimu  Uirtln . 
AirifpareliadArii  Lipnff 
At^pak^ttria'S. 


^(r«ia»«ra  H 

CpKu  BamiUanim.  n 


This  fauna  in  Ontario  County  consists  of  twenty-six  described  species, 
indispntably  of  the  age  of  tbe  Chemung  Period,  as  it  contains  eleven 
species  previously  recognized  from  the  Chemung  gronp  of  New  York, 
and  lies  6U0  feet  above  the  last  stratum  known  to  contain  fossils  of  the 
Naples  shales.  But  it  embraces  a  large  intermixture  of  species  that 
are  totally  unlike  those  of  tbe  Chemung  of  New  York,  and  whicb  find 
their  counterpart  only  at  a  distance  of  nearly  1,000  miles  to  the  west. 
Foartoen  species  are  commoa  to  tbe  High  Point  strata  and  thfi  Lime 
(109) 
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Creek  beds  uverljing  tlie  Devoiiinn  limcstonea.  Of  twelve  species  oc- 
earring  in  the  Iinlependence  slialcR,  wLich  underlie  tbese  DevoQian 
limestones,  nine  occar  aleo  on  Higli  Point.  Two  species  of  the  inter- 
vening Devonian  limestones,  viz.,  Spirifer  bimetialit  H.,  and  8.  fvb- 
attenuata  H.,  occur  liliefrise  at  Uigb  Point.  With  the  occarrence  of 
these  Chemung  fossils  abundantly  at  the  baae  at  the  top  of  the  Devonian 
series  in  Iowa,  it  becomes  difBcnlt  to  assign  any  definite  horizon  to  the 
members  of  that  series  whjcli  will  give  tbem  »  correspondence  with 
series  in  New  Yorlc.  Tbe  charaoter  of  the  fauna  of  the  Independence 
shales  leads  ns  to  the  belief  that  the  first  Devonian  fauna  to  appear  in 
Iowa  included  an  important  representation  fVom  tbe  Chemnng  fauna  of 
New  York  in  its  probable  migration  westward  hom  New  York,  to  be 
succeeded  in  the  limestones  and  shales  above  by  u  mingling  of  the  Mid- 
dle and  Lower  Devonian  faduas  of  the  east,  and  again  by  a  return  of 
the  Chemnng  fauna  with  a  more  perfect  development  at  tbe  time  of  tbe 
deposition  of  the  Lime  Creek  beds.  That  is,  in  the  matter  of  rela- 
tive age,  all  of  these  Iowa  Devonian  beds  must  be  later  in  time  of 
deposition  than  the  Devouiao  of  New  York  lying  beJow  the  horizon  of 
tbe  High  Point  strata,  and  the  age  which  saw  tbe  deposition  of  the 
Chemung  sediments  in  New  York  was  probably  well  toward  its  close  at 
the  time  of  the  inception  of  the  conditious  in  Iowa  necessary  for  tbe 
depoeitioQ  of  tbe  Independence 'shales. 
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ESPLANATIOK  OF  PLATE  I. 

FlO.  1.  JHnieUlyt  Naebaryi  Clarke.     Right  lower  maodible.     X  t- 

FlOS.  3,  3.  PaloonUeiu  Dnottieiu  Clarke.     BcaiM.     Fig.  2,  X  2 ;  Fig.  3,  X  10. 

flOS.  4,  5,  6.  The  same.    Cranial  plates.     X  2. 

Fro.  7.  Priitacaiitfuu  mImIm  Clarke.    Bpine.     Ad  not. 
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EXFLANATION  OF  PLATE  IL 

Fla.  1.  CeratioeariM  Bwskari  ClukcL     Bbowing  Ume  Abdominal  Mgnii 
lelMU  apiiiM.    Ad  nat. 
Fio.  S.  Ctroltocarl*  HmpUx  CUrke.    CarapMM.    Ai  mat. 
Fio.  3.  JWUmcm^  )PiUt|U(dl  Clirke.    CuwpMW.    AA  mmt. 
Fio.  4.  The  Mme.    Caadkl  pl*te  with  two  telMO  splnea.    AA  ncL 
FlO.  6.  fioyriokia  SflfM  CUik«.     Sldoviow,     X90. 
Fio.  6.  The  aame.    Dorsal  view.      X  SO. 
Fio.  T.  The  saute.    Ventral  view,     x  20. 
Fio.  B.   GottUMtti  LnAmi  CUrke.    Ad  luO. 
Fio.  ».  GowloWe*  J«tarte  Clarke.    Side  view.    X  !&■ 
Pio.  10.  The  Mine.    Front  view,     x  U. 
Flo.  11.  OrAocera*  oetMloUW  Clarke.     x3. 
Pio.  18.  OrtiwMniijIIaram  CUrke.    Jd  aoi. 
Fio.  13.  The  lama.     Opposite  side  of  the  same  individiuL 
Fi&  14.  The  Mme.    A  yooDgei  example.    Ai  »»L 
Fio.  is.  OrOtootru  aubo*  CUikc.    x  IS- 

84  (118) 


mzec^vGoOgle 


^ 


§    S 


„  Google 


mzec^vGoOglc 


mzec^vGoOgle 


mzec^vGoOglc 


EXPLANATION  OF  PLATE  in. 

Fio.  1.  Orthoomu  Otitarid  Clarke.    Ad  ■«!, 

FiQ.  S.  Omu>o»rtit  Mtphitlo  Clarke,     x  13. 

Fio.  3.  Orfliocera*  Amadnu  Clarke.     X  30. 

FlO.  4.  HgMiiim  Nea^^Ui  Cluke.    DoibbI  snrftoe.     Ad  ^ia,t. 

FlQ.  h.  The  same.     Tentral  curfaoe.    Ad  tMl. 

Fio.  6.  PaliwtnNAiMpnwitrvarCUrke.    JdtMt. 

Fie.  7.  The  ume.   x  % 

Fio.  8.  The  same.    Showiog  the  rtoma.    x  S- 

Fio.  9.  The  aame:    View  ttaia  above.     X3. 

Fio.  to.  Zmmhim  JToe  Clarka.    x  3. 

FlQ.  11.  XtafNia  lriga«ln>  Clarke.  Ad  Mt. 

Fia.  18.  ^jririArw  PlnU,  Clarke,     x  10. 

Fia.  13.  Sfiriftm  Btlplitgor  Clarke,     x  4. 

Fio.  14.  £«torJtrMkM  (t)  Baoait  Clarke,   x  10. 

Fio.  15.  Anlopom  MuwoleM*  ClaAe.    Jd  ««(. 
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^D'T'KBTXSnaiKN'T. 
(BDnedn  V*.  IT.] 


Tta«pB%lJc»tkoe«f  flteUDltei  SWea  0«()IaE<e*)  Surrey  ■»  lamed  Id  acoortune  with  tin  itatale, 
approved  Haich  B,  ISTS,  irhlob  deebme  tlwt— 

"  The  pabllMUam  at  th*  Gwilo^oal  Sbttv;  iIhU  condat  of  tteanoiul  report  of  opentknu,  geologleal 
■nd  eomwmlo  m^H  fUnatiBtliis  tlie  reeoarcge  mod  cluiifloatlim  cf  the  ludA,  and  TvpoTte  opon  general 
and  eeoBomlo  seolog;  and  palamtiilasy.  The  utMUl  raport  of  c^entkiu  of  the  QeolagloBl  Bamj 
■hall  aecomiMiii;  the  aauoal  iqiort  of  the  Seonlai?  of  Uie  loteiior.  All  ipiwlal  memoin  and  reporit 
of  nld  Snrre)'  ghall  be  iiBied  Id  unlfortn  qoarto  secle*  1/  deemed  zHOHau;  bj  Uie  Director,  but  other- 
vIh  Id  otdiaiiiy  octaTos.  Tliree  thooaaDd  eopleaof  eachihaU  he  pnbtlahedfor  aolentiflo  erchuigea 
aadfbi  •aleattheprloeof  pabUeatloa;  aodsUIlltnryaDdeutograpliieiDatitlalamoalvedtDeichaDXfl 
■halt  b«  Ito  property  of  the  Pnlted  State*  and  fbnn  apartof  Uiellbiaiyof  thaoiKanliaUon:  And  the 
ntaotj  ranltlBg  baa  the  aale  of  woh  pnhUeatkiDa  ahall  be  ocmrad  Into  the  Ii«anU7  of  (ke  Unltdd 
Btatea." 

Od  July  7.  IBSZ,  the  follawliig  jolot  Fenlatloa,  refeiTfavtoallOoiwiitiieDtpablkatlaiM,  waapwaed 

"  That  wbaierer  any  dooameDtoi  teport  aball  be  oideied  printed  by  Coaitieaa,  there  ahatl  be  printad 
Id  addlttoo  to  the  uaabei  In  eaeh  oaaaatated,  tlw  'oaoal  ■umber'  (I,IX>0)  of  ooplaa  for  binding  and 
dlatribntloi]  atDODg  tboM  an  titled  M  reocive  them. " 

Uoder  these  general  lawi  It  wSl  be  Hen  that  none  of  the  enmypohUoatloiu  are  ftamlabed  to  It  fta 
HratBltoua  dlatcibaUoiL  The  tfiOt  ooplea  dT  tb*  *"■"*  Bspottan  dlatrtboUd  Hmngh  the  doonmoit 
•aofCongnaa.    nel,n(l«apdeBof  each  of  (be  pahUoadoiia  are  diatrlbated  to  Uh  oOIeeiB  of  tba 

le  United  fitMe*. 

tr  of  aoT  pnblkatlca  la  aoppUed  to  thia  oflloe 
le  Id  the  oaae  of  the  Beomid,  TbM,  FoDitb.  and  Ftftk 
17  vhere  a  number  baa  been  ordend  for  Ita  nae  by  the  Secntary  of  tho  Interior,  aa  In 
the  caas  of  Mineral  Baaonroea  and  DIotloaary  of  Altltadeo,  the  Sarv«y  haa  no  ooplea  of  anj  of  Ita  pab- 
'  UMlsn  (br  gntnUov  dMHbotkn. 

or  the  Auoal  Sapnla  aen  have  been  ali«ady  pnblUied: 

L  Urat  Anunal  Sepait  to  the  Hon.  Carl  Behnn,  by  Claruue  King.  HSU.  e<>.  TS  pp.  1  m^.— A 
proJlmlnary  report  deacrlblag  plan  af  orgaalaatlan  aad  pabllcadoni. 

n.  Beport  of'tha  DlreDtor  of  the  United  States  Qeologlcal  Sumy  for  Itttf-'Si.  by  J'.  W.  Fov^ 
lg«L    8*.   It,  Sffipp.   «lpl.   Imap. 

.     HL  ThlrdAimaalKepartof  tbeUnltadStaMiawk>gicaISarrey,lB81-'«2,byJ.'W'.FoweU.    1863 
8°.   xTlli,SMpp.    npLaadm^a. 

IV.FoarthAnnu)Ber>rtortbernlledSta(aO«ola>^3iiiTej,U83-'8I,byJ.ir.PovelL  ISBI. 
8°.  x)l,4app.  aSpLaWmapc 

The  Fifth  Auul  B^art  ia  la  tn». 


Of  the  HoKagrqta,  Hea.  n,  111,17,  V,  TI,  Til,  and  Tm  aro  new  poblWed,  lila: 

n.  Tertiary  Elataiy  of  the  Grand  CafioD  Dl«flcit  vlti  atlaa,  by  Clarcowe  E.  Dnt4aa,0(pt^  C  8.  A. 
IBSZ.    4°.     xlT,3Hpp.   42pI.andaIlaaor  MaheataAiUa,    Prtce|10.13. 

m.  OeoloKy  of  the  Comatock  Lode  and  the  Washoe  Dlatrtct,  with  alias,  by  Qaeise  F.  Becker, 
lea:.    «■.    TT,4Slpp.   r  pL  a^d  atlaa  of  21  abeaU  Ibbs.    Ptleetll. 

IT.  ComBtttokMUnCaBdllliieia,byiaiotI«td.    ISSS.    4°.    Ht,  «H  pp.    tpL    Prleetl.M. 

T.  Coppar-beving  SikAm  of  Lake  Baperiar,  by  Bolawl  D.  Irving.  UO.  f.  svl,  Wt  pp.  15  L 
»pL    Piieefl.SS. 

TI.  Ccaitrlbntloaa  to  the  EHWledge  of  the  OldsrHeaaaolo  Flam  ofTbjJaia,  by  WB.U.  Fontaine, 
lesa.    4°.    il,144pp.    ML    MpL    PTlcMtl.011. 

TH.  BIlTer~lead  Depoatta  of  Eureka,  yenda,  by  Joaeph  S.  OMU.  1S84.  40.  xiu,  nO  pp.  i)  p], 
PrkatLKL 

TUL  FalaoitolaKy  af  the  B«i«la  Dlatiiot,  by  Chadea  D.  Valoott.  USi.  4°.  zlll,  IH  pp.  Z4L 
MpL    FrieatLU- 
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ADTEBTISEUEirr. 

The  MIowiDg  an  In  prew,  t1i: 

IX.  Bnohiopoda  andl-unalllbimiiohlaUaftlisBultuCla;*  uidarMDttiidlluliaf  Sevjerasy, 
by  Bobwt  P.  Wliltflcld.    I»8S.    4°.    U,e»9pp.    »SpL 

X.  DtDoocntB.  AMinK>gnphofuKitiiictOTdeii)tQig>sllcUuiuniI>,brOfiiiildCli>riMManh. 
]88S.    *".    — ,-pp.    Mpl. 

XI.  Owdoglol  BUloty  of  L*k*  Lobontui,  ■  QoaUnuiT;  L*ke  of  IToitliirMtoni  ITeradk,  by  Tinul 
CiWkSnnBll.    ISSS.    40.    — ,~pp.    MpL 

The  fonowlag  are  In  prepttntloii,  Tti : 
I.  The  Pnoloiu  MsUli.  b;  Clarmce  Slag. 

G«loi7  and  Mining  Indudi;  of  LeadTllle.  with  Ktlu,  by  B,  F.  Smmoiu. 
OHlogy  Dl  the  Earak*  Mtulag  Dletciot,  Kendft,  wltli  ttlu,  by  Ainald  Hhiu^ 
lAke  BonneiUle,  by  G.  E.  OUbart. 
i.b7Piof,0.aUudi. 
t,  by  Frot  a  a  Umh. 

BULUtTINa. 

The  Bnlletins  of  the  Surrey  will  contain  noh  pipun  relating  to  the  gaiiaial  prnpoae  of  IIb  vn^  aa 
do  not  properly  comenndar  theheadeofABKUALSKFOBTBDrMoioaKAFBt. 

Each  of  theae  BolletlnB  will  oontaln  bnt  one  paper  and  will  be  eomplate  in  itaeU.  Thay  will,  hnw- 
arer,  be  noiDbeiwl  In  a  eontlniunu  lerlea,  and  will  In  time  be  iiQlled  into  Tatiinie*  of  oonTenlenl  alitt. 
To  fiiollltate  thie  eaoh  Bulletin  will  have  ^o  pagbialilona,  one  proper  to  JtaeJf  and  mthor  which  1m> 
loDga  to  It  as  part  of  the  Tolnme. 

Of  this  aerlea  of  BnUeUaa  Noa.  1  to  IT  aie  abeady  peblialiBd,  Tli: 

1.  On  Eypenthene-Andeelto  and  on  TilcUnlo  FTtoxene  in  Angltio  Booki,  by  Whitman  Craea,  with 
aOeologlMlSketehorBiiiIUoPeaki,CoIondatb;S.V.Bnunona.  }SBS.  tP.  Ofp.  Spl.  FiiaalOoeata. 

2.  Gold  and  SOtbt  ConreidoB  TeUei,  (Mng  the  ooiolng  valoa  of  Troy  onnoai  of  line  metal,  etc,  by 
Albert Wmiaoie, Jr.    U8>.    If.   U,8pp.    PttoeBoenta. 

3.  On  the  Poeaimonaat^tlwUppeiDeTailuk,  along  the  meridlanoflVM',  bom  TonipUniCMm^, 
KewTork.toBiadfOTdCoimty.FeniwylnnhhbyQenryaWllUame.   UM.  a°.   Mpp.  PrieeSouta. 

4.  On  Heaoaolo Foedla,  by  Charlee  A.  Whits.    IBM.    8°.    Mpp.    Spl.    PrtoeScenta. 

5.  ADlationatyafAltitiideelii  theUnltedBMea.eomplladbTEeniyaannrtt  UM.  B°.  US  pp. 
Ptiee  20  centa. 

a.  ElaTatlonilntbeD<imlnlonafCanada,by  J.  W.8penoeT.    UU.    B°.    41pp.    PrlBoBoeota. 

T.  Uapoteoa  Oeologiek  AMerlcaaa.  A  ealahigBe  of  gealosloal  mapa  of  America  CCTorth  and  Soadi), 
ITie-18Bl,byJaleaUaraonBndJohnBelknivUanoa.    JBU.    8°.   lU  pp.    Price  10  oenta. 

8.  On  Seooodalf  Znlargamcoita  of  Iflnoral  Fragmenta  In  Ccctaln  Boeka,  by  B.  D,  Irrlng  end  C.  B.    ' 
TaoUae.    1B84.    89.    ESpp.    «id.    Piloe  10 oenta. 

8.  A  BepDTt  of  wnk  done  In  tlte  Waah&gton  Laboratory  dnring  Uie  Seoal  yoii  lSgS-'S4.  F.  W. 
Clarke,  ohlef  chamlat  i  T.  II.  Chataid,  aa^tant.     1SS4.    »'.    40  pp.    Prloe  S  oenta. 

ID.  On  the  CambiianTannae  of  Ninth  America.  Preliminary  atodlee  br  Chaiiea  QcoUtUe  Waleott. 
1884.    8°.    T4pp.    ID  pi.    Price  teenta. 

11.  On  the  Quaternary  and  BeoentUoUiuoa  of  the  QteatBaatoi  wlthDeaoilptlonaafHewFotiiia,!^ 
B.  EllewDrth  Call  -,  Introduced  by  a  eketoh  of  the  Quaternary  Lakee  of  the  Qieet  Baaln,  by  O.  K. 
Gilbert.    1884.    S^.    Sepp.    BpL    Piicaecenta. 

12.  A  Cryitallotriaphlo  Study  of  the  Tbinollte  of  Lake  £«hontHi,  by  Edward  S.  Dana  U84.  8°. 
84  pp.    BpL    Prise  8  cent*. 

IS,  Bannduiea  of  tbe  United  Statee  and  of  the  UTcral  Btatea  and  Tenitorlea,  by  Hewr  Gannett 
18e£.    8°.    ISSpp.    Price  10  cent*. 

14.  The  Electrical  and  U^netlo  ProperUaa  of  the  Iron-.Carbnreta,  by  Cari  Biml  and  Vinoant 
Stnmhal.    1888.    8".    lS8pp.    Price  IS  centa. 

15.  On  thallMOBoloandCeiioioloPaleontologyofCBlifbtnla,  byDr.C.  A.  White.  1888.  8°.  npp. 
Price  G  oenta. 

18.  On  the  higher  Devonim  Faonaa  nt  Ontario  Coim^,  New  York,  by  f .  H.  Clarke.  1888.  V>. 
88  pp.    1  pL    Prloe  S  oenta. 

17.  On  the  Derelopment  of  CtyitalUsation,  etc,  by  Arnold  Hagne  and  J.  P.  IddbiKi-  1888.  tP, 
44  pp.    Prloe  Boeat*. 

Hnmbere  1  to  0  of  the  Bnlletlna  form  Tolnme  I,  and  nnmben  T  to  14  Tolome  n.  TdoBM  HI  la  not 
yet  complete. 

The  fuUewlng  are  in  preaa.  Til ! 

IS.  On  Uaiine  Sooene,  Fceah.water  Ulooeue,  and  other  Foaall  UoQaaea  of  Weatetn  Berth  AmerioK, 
by  Dr.  C.  A.  White.    1889.    8^.    28  pp.    8  pL    Price  G  oenta. 

19.  Kolea  on  the  StraUgraphy  of  Callfomla,  by  George  F.  Booker.    1885,    8°.    —pp.    Prise— oenta. 
SO.  CoDtribntiane  to  the  Ulneralogy  of  tiie  Bocky  Uoantaina,  by  Whttmao  Croea  and  W.  F.  HDle- 

brand.    IBSJ.    S°.    —pp.    1  pi.    Prioe  — oenta. 
21.  The  Lignltaa  of  the  Great  SIooi  Keeerration,  by  Bailey  Willie.    ISSI.    W.    -pp.    GpL    Prlee 


ABTEBTISBUEMT. 


stAnancAL  papxrs. 


A  fimrth  MVia*  of  pablloMlmiB  hkTliig  ipaolal  refemnDa  to  th*  tnlsenl  moniCM  of  tlieUullMl  State* 
la  oontcmplated. 
Of  tlutt  MiTiM  tbt  &»t  hM  bMB  pabUahed.  Til : 
UidenlBciKnintMottiiannltodStatM.liyAIbKt'nilluu.Jr.    18B3.    go.    xvll,81Spp.    PrleeM 

The  wocmd  Tohmui  of  tbia  wrlai,  lUnanl  BeaoDrcat  IBS  and  18M,  I*  In  prapuatlon  ind  will  Mion 

Coil— iwudgnoe  lelatlBg  to  the  pnbUntloiia  of  ths  Bamj,  and  at!  reoittlaiiOH,  vhloti  mnM  be  bj 
rovTA;.  ITOTB  oMiOiiZT  oBinH,  ahoDld  be  addnsMd 


t,D.C.,Kat»,wa. 
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dspamtmetut  of  the  lnt£riob, 
United  States  Geological  Suktbt, 

Wa»hington,  D.  C,  FOnuiry  16, 1885. 
Sib  :  I  hare  the  honor  to  present  herewith  a  paper  b;  Mr.  Joeeph  F. 
IddiDgB  and  myself,  on  the  development  of  crystallization  in  igneous 
rocks,  the  result  of  an  investigation  of  the  extensive  and  well-select^ 
lithological  material  collected  by.Mr.  George  F.  Becker  during  his  ex- 
amination of  the  Comstoct  lode. 

Many  field  geologists  have  maintained  that  the  acidic  lavas  and  pum- 
ices occarring  on  or  near  the  surface  woa\A  be  found  changed  to  gran- 
ite, if  it  were  possible  to  trace  them  downward  to  great  depth.  This 
has  been  denied,  especially  of  late  years,  by  other  equally  eminent 
authorities,  who  have  claimed  that  geological  periods  were  characterized 
by  crystalline  rocks,  differing  in  composition  and  structural  features. 

Although  much  has  been  written  upon  the  relation  between  surface 
flows  and  deep-seated  igneoas  rocks,  the  problems  have  never  been 
solved.  Indeed  they  could  not  be  solved  before  the  application  of  the 
searching  methods  of  microscopical  research  now  employed  in  the 
study  of  crystalline  rocks.  Few  localities  afibrd  the  necessary  condi- 
tions, and  none  surpass  the  Washoe  district  in  furnishing  the  requisites 
for  a  proper  investigation  of  such  questions. 

So  far  as  I  know,  the  results  of  no  similar  investigation  showing  the 
gradual  transition  in  crystallization  under  pressure  in  continuous  rock- 
masses  have  ever  been  published. 

As  the  results  of  the  work  lead  us  to  definite  conclusions  upon  some 
important  questioDS  and  bear  directly  npou  the  geology  of  the  Corn- 
stock  lode,  it  seems  desirable  that  they  should  be  published  by  them- 
selves in  a  special  bulletin  as  early  as  possible. 
Very  respectfhlly,  your  obedient  servant, 

ARNOLD  HAGUE, 

Oeoloffkt. 
Hon.  J.  W.  Powell, 

Director  United  State*  Oeohgieal  Survei/, 

WasMngto»,  D.  O. 
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ON  THE  DEVELOPMENT  OF  CRYSTALLIZATION  IN 
THE  IGNEOUS  ROCKS  OF  WASHOE. 


By  Arnold  Hagxtb  akd  Joseph  P.  Ikdings. 


rSTTHODUCTOET. 

Tbe  Great  Basin  of  Utah  and  Nevada,  which  has  been  the  center  of 
8nch  widespread  volcanic  activity,  presents  the  greatest  possible  variety 
of  phenomena  connected  with  the  geology  of  igneous  rocks.  Within 
this  well-defined  area  ontbarsts  of  lavas  occur,  forming  high,  rugged 
peaks,  low,  monotonons  ridges  interspersed  with  broad  tables,  extend- 
ing for  such  long  distances  and  covering  such  wide  tracts  of  country 
as  fhirly  to  deserve  the  title  of  iilateana.  Again,  extravasated  lavas  may 
be  seen  as  small  isolated  craters,  as  massive  emptions  breaking  out 
throngb  lines  of  Assure  and  faults,  and  stretching  out  for  miles  along 
the  base  of  tbe  longitudinal  ranges,  or  they  may  occnr  in  small  irregu- 
lar hills,  and  occasionally  in  narrow  dikes  scattered  over  the  country 
without  any  apparent  law  as  to  their  distribution,  probably  most  geol- 
ogists who  have  studied  the  region  would  agree  that  the  country  has 
nowhere  been  subjected  to  any  extensive  erosion  since  the  outbursts  of 
the  greater  part  of  these  lavas.  In  oonsequeoce  nearly  all  tbe  later 
extmsions  exhibit  on  the  surface  mach  the  same  features  as  they  pre- 
sented at  the  time  they  were  forced  upward  through  the  underlying 
sedimentary  strata  or  older  crystalline  rocks.  While  the  region  is  one 
characterized  by  lavas  of  both  acidic  and  basic  types,  presenting  van- 
ons  glassy  forms,  there  occur  innumerable  rocks  showing  every  variety 
of  microstmcture,  from  nearly  pure  glass  to  others  not  only  wholly  crys- 
talline bnt  with  a  decided  granitoid  structure  in  the  gronndmass.  The 
dikes  whjeh  penetrate  the  older  rocks  are  found  in  most  cases  to  show 
a  more  crystalline  struotnre  t^au  the  massive  emptions  or  surface  flows. 
This  is  especiidly  the  case  with  basic  rocks;  and  although  their  con- 
nectiou  with  larger  masses  can  seldom  be  traced,  the  couclnsion  «eems 
inevitable  that  they  must  form  portions  of  the  Sfune  original  magma, 
crystallized  nnder  different  couditions.  Although  there  has  been  col- 
lected throughout  tbe  area  of  the  Great  Basin  a  large  amount  of  mate- 
rial which  pointed  in  one  direction  and  suggested  a  common  origin 
and  close  geologicid  connection  between  these  extreme  forms  of  rock 
(129)  9 
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structure,  the  subject  bas  not  beeu  before  closely  Btadied,  and  direct 
proof  of  euch  an  identity  has  been  -wanting.  This  ia  in  part  owing  to 
the  fact  that  erosion  lias  failed  to  ont  deeply  into  any  great  flow  show- 
log  variationa  of  strnoture,  and  in  part  to  the  want  of  sufficient  data 
and  material  ftom  any  one  locality  njKin  which  a  searcliing  mineial<^- 
ical  and  microscopical  examination  could  be  undertaken,  wbioh  mmld 
afford  the  necessary  proof  to  warrant  the  assertion  that  difference  is 
structure  was  mainly  the  result  of  consolidation  under  varying  degrees 
of  heat  and  pressure,  or  an  expression  of  the  rate  of  cooling. 

Id  studying  the  collections  of  lavas  from  the  Padflc  coast  volcanoes' 
we  were  forcibly  impressed  with  the  insensible  gradations  in  the  mioro- 
strncture  in  the  groundmass  of  rocks  of  the  same  mineral  compositioii 
from  a  purely  glassy  form  to  one  wholly  crystalline,  and  corresponding 
exactly  ia  structure  to  a  fine-grained  granite-porphyry.  The  chain  of 
microscopical  evidence  seemed  so  complete  that  we  were  convinced  that 
the  glassy  and  crystalline  rocks  were  simply  theeztreme  forms  of  the 
same  magma^  and  that  a  highly  crystalline  rock  brought  in  for  diabase 
from  one  of  the  ravines  of  Mount  Bainier  could  be  nothing  less  than  a 
Crystalline  variety  of  the  hypersthenc-andesite,  which,  judging  from  the 
collections,  makes  up  the  greater  part  of  the  volcano. 

In  aeekiug  a  locality  in  the  Great  Basin  which  could  afiford  the  neces- 
sary conditions  for  carrying  ont  such  an  investigation  as  we  desired  to 
make,  showing  the  actual  transition  fi^m  the  glassy  to  the  granitic 
structure;  it  was  readily  seen  that  the  Washoe  district  was  the  only 
place  offering  sufficient  material  for  the  work.  Indeed,  there  are  few 
localities  in  the  worM  presenting  conditions  which  would  permit  of  sncb 
'an  inquiry,  and  so  far  as  we  know  the  investigation  haa  nowhere  been 
previously  undertaken,  at  least  upon  material  adequate  for  a  satisfac- 
tory solution  of  the  problem.  For  the  means  of  making  this  investiga- 
tion we  are  greatly  indebted  to  Mr.  George  F.  Becker,  who  placed  at 
oui;  disposal  the  large  lithological  collections  which  he  and  bis  assist- 
ants had  gathered  in  the  course  of  their  field-work  preparatory  to  his 
report  on  the  geology  of  the  district.  Owing  to  the  anprecedented  ac- 
tivity in  mining  which  has  characterized  the  district  during  the  twenty- 
five  years  of  its  existence,  we  are  enabled  to  examine  the  interior  of  the 
mountain  by  actual  sections  in  a  way  unsurpassed  in  any  other  place. 
In  addition  to  the  magnificent  horizontal  section,  over  i  miles  in  length, 
shown  by  the  Sutro  tnnnel,  and  numerous  vertical  sections  cut  by  shafts 
fW>m  2,000  to  3,000  feet  in  depth,  it  is  estimated  from  the  official  maps 
and  rteorda  of  the  mining  surveyors  that  over  180  miles  of  galleries  and 
other  openings  have  been  run,  and  although  a  large  -part  of  these  gal- 
leries pass  through  quartz  and  ore-bearing  material  of  the  vein  many 
miles  of  levels  iii  exploring  new  ground  penetrate  in  every  direction  the 
east  and  west  country,  laying  bare  the  internal  stmctnre  of  the  mount- 
ain. 

■  Ametican  Jonmal  of  Soience,  Vol.  XXVI,  September,  1883. 
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If  the  Virgiuia  range  were  split  asander  across  tlie  center  of  Mount 
Davidson  itwoald  not  be  possible  to  gain  a  more  accarate  knowledge  of 
the  regioD  than  is  preeented  by  this  net-work  of  andergronnd  explora- 
tions. In  the  former  case  we  should  get  a  section  of  tbe  mountain  down 
to  the  level  of  the  surrounding  plain,  bat  now  we  have,  by  means  of  the 
many  deep  shafts,  a  knowledge  of  the  lower  rocks  many  hundred  feet 
below  the  level  of  tbe  Carson  Desert.  And  instead  of  a  section  cat  on 
a  vertical  plane  we  have  a  monntain  honeycombed  in  every  direction 
by  the  untiring  miner  in  seareb  afto'  bonanzas.  Thus  no  natural  section 
conld  surpass  it  for  parposes  of  studying  internal  rook  stmctnre  at  ■ 
great  depths. 

A  mining  re^on  which  has  proved  of  such  vast  economic  Importance 
as  the  Comstook  lode  has  necessarily  excited  intense  geological  interest, 
and  owing  to  the  great  liberality  of  the  National  Qovemment,  scientific 
investigation  of  the  district  has  gone  on,  with  brief  intervals  of  a  few 
years,  almost  simnltaneously  with  tbe  exploitation  of  the  precions  metals. 
The  amount  of  geological  literature  on  the  district  which  has  been  pub- 
lished is  by  no  means  inconsiderable,  and  a  very  large  share  of  the 
space  in  the  reports  has  been  devoted  to  a  consideration  of  the  igneons 
rocks. 

A  brief  summary  of  the  results  obtained  by  the  more  important  in- 
vestigators, including  those  of  Baron  von  Bicbthofen,*  Mr.  Clarence 
^ing,'  Prof.  Ferdinand  Zlrkel,*  and  Dr.  John  A.  Church,"  ia  given  by 
Mr.  Becker  in  his  elaborate  work  on  the  Geology  of  the  Comstock 
Lode,  recently  issued.  Since  the  publication  of  von  Bichthofen's  report, 
nearly  twenty  years  ago,  followed  q[aickly  by  his  monograph  on  The 
Katnral  Sysiem  of  Volcanic  Books,  the  knowledge  of  crystalline  rocks 
has  advanced  with  rapid  strides,  and  the  science  of  microscopical  pe- 
trography has  been  almost  wholly  developed.  In  this  advancement  tbe 
study  of  the  Tertiary  volcanic  rocks  of  the  Washoe  district  has  played 
a  conspicuous  part  In  selecting,  then,  this  district  for  the  special  pur- 
liose  of  this  work,  we  have  been  guided  by  the  knowledge  that  the  prin- 
cipal geological  features  of  the  region  are  within  the  reach  of  all  stu- 
dents of  petrography.  The  results  of  our  investigation,  undertaken 
merely  as  incidental  to  a  stndy  of  the  volcanic  rocks  of  the  Great  Basin, 
have  proved  so  mnch  more  satisfiictory  and, convincing  than  we  were 
at  first  led  to  hope  that  we  have  no  hesitancy  in  publishing  them  at  this 
time.  Moreover,  the  geological  concluMons  reached  from  the  study  of 
the  lithologlcal  material  are  in  many  ways  so  diametrically  opposed  to 
tbose  of  our  predecessors  that  we  offer  no  apology  for  adding  another 

'Tbe  Comstock  Lode,  etc    FetdinaDd  Ton  Bichthofeo.    Ban  FritociKO,  1866. 
'UuitedBtateBOeoIogioa]  Exploration  of  the  Fortieth  Parallel;  ToL  HI.     "Hiuiog 
Indnntry."    Clarenoe  King.    WashingtoD,  ISTO. 
*/(!.,  Vol. TI,  "HiDioecopioalPetrographf."   Ferdinand Zidcel.   Washington,  1878. 
■Tbe  Comstock  liOde,  etc    Jolin  A.  Chnroh.    New  Tork,  1879. 
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brief  paper  to  the  many  already  pabliBhed  on  the  geology  of  the  Washoe 
diatrict. 

Mr.  Becker,  in  agreement  with  bia  predecessors,  divided  the  igneona 
rocks  of  Washoe  into  Tertiary  and  Pre-Tratiary  species,  differing  with 
tbem  widely,  however,  as  to  where  the  lines  ahoold  be  drawn,  and  add- 
ing one  or  two  more  varieties  of  Pre-Tertiary  rocks  to  those  ahready 
recognized.  His  work  possesses  the  very  great  advantage  over  the  la- 
bors of  those  who  preceded  tuai,  in  that  not  only  the  Sattro  tnnnel,  bat 
all  the  deeper  shafts  and  gallwies  were  accessible  to  him,  a  large 
amount  of  groQDd  having  been  opened  since  the  earlier  geological  in- 
vestigations were  made.  This  recent  material  is  of  great  value.  The 
rocks  obtained  from  these  lower  workings,  when  subjected  to  micro- 
scopical examination,  so  closely  resemble  in  stmotore  the  so-called  Pre- 
Tertiary  types,  that  Mr.  Becker  extended  the  domain  of  the  "  older" 
rocks  over  a  considerable  area  at  great  depths  below  the  surface.  This 
same  material  &om  tbe  deep-seated  looalitiea  affords,  it  seems  to  as, 
abundant  evidence  that  the  so-called  Pre-Tertiary  and  the  Tertiaiy 
rocks  pass  by  insensible  gradations  into  one  another,  and  that  evidence 
of  a  difference  in  geological  age  iswholly  wanting. 

Mr.  Becker  classified  the  rocks  under  the  following  heads :  Granular 
diorite,porphyriticdiorite,  micaceoasdioilte- porphyry,  qaartz-porphyiy, 
earlier  diabase,  later  diabase,  earlier  homblende-andesite,  aogite-ande- 
site,  later  homblwde-andeaite,  basalt. 

Bepresenting  these  rocks  &x)m  all  parts  of  tbe  Washoe  district,  we 
have  had  placed  at  our  tlisposal  more  than  two  thousand  hand  speci- 
mens, six  hundred  from  the  sarface,  and  over  fourteen  hnndred  &oie 
underground.  From  this  collection  there  are  dow  more  than  five  hon> 
dred  thin  sections,  including  a  number  recently  prepared  to  flU  op  cer- 
tain gaps  in  the  chain  of  our  aignment.  Of  iiiese  specimens  those  from 
underground,  with  the  exception  of  tbe  Sutro  tnnnel  rocks,  were  col- 
lected mainly  within  the  immediate  neighborhood  of  the  Gomstock  lode, 
while  the  surface  specimens  are  confined  to  an  area  about  5  by  7  miles 
in  extent. 

Let  us  begin  our  analytical  work  by  submitting  the  rocks  to  a  search- 
iug  microscopical  and  macroscopical  scmtiny,  to  show  what  points  of 
agreement  exist  between  the  so-called  Pre-Tertiary  and  Tertiary  erop- 
tioos,  comparing  rocks  of  the  same  mineral  composition  with  each  other. 


DIABASE  AND  AUOITE-ANDESLTE. 

In  considering  tbe  relation  between  these  closely  related  rooks  we 

will  first  make  a  comparative  study  of  the  thin  sections  prepared  from 

both  series.    In  the  collection  there  are  about  one  hundred  and  forty 

thin  sections  determined  as  unqaestjonably  diabase  or  angite-andesite, 
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aod  of  these  aboat  twenty  from  each  have  andergone  too  maeh  decom- 
positioD  to  allow  of  a  satiHfoctory  stady  of  their  feldspars,  althoagh  tbey 
evidently  agree  in  general  oharacters  with  the  fresher  sections  of  the 
same  class  of  rocbs.  OF  the  remaining  one  hundred  thin  sections  forty 
were  classed  as  diabase  and  sixty  as  angite-andesite. 

Upon  examining  them  somewhat  haatily  under  the  microscope  two 
points  are  brooght  ont  in  the  most  impressive  manner.  The  first  Is  the 
absotote  identity  in  the  natnre  and  oocarrence  of  the  mineral  constit- 
nents  of  the  two  rooks,  and  the  Impossibility  of  distingnishing-many  of 
those  classed  nnder  one  head  from  those  classed  under  the  other ;  the 
seoond  is  the  gradual  transition  from  a  microlitio  glassy  groandmass 
to  one  holocrystalline,  and  fkom  a  microcrystoUine  groandmass  of  the 
minntest  grain  to  one  in  which  even  the  smallest  grains  are  recogniz- 
able in  thin  section  with  Qm  aid  of  an  ordinary  pocket  lens.  In  stndy- 
*ing  them  they  may  be  arranged  nnder  eleven  heads,  oooording  to  the 
size  and  development  of  the  grains  of  their  gronndmaes,  placing  those 
with  glass  base  at  one  end  and  those  of  the  cousest  grain  at  the  other. 
The  different  grades  of  eiystallization  may  be  stated  approximately  as 
follows : 

1.  Groundmass  consisting  of  colorless  glass,  through  which  are  scat- 
tered relatively  few  microUtes  of  feldspar  uid  x>yroxene,  and  magnetite 
grains  with  contorted  trichites.  Porpkyritto  cryttalt,  abundant  plagio- 
clase  varying  from  3".  long  to  very  small  size,  averaging  1  or  2"  long ; 
pyroxene  crystals  less  nnmeronis.    Example,  thin  section  60. 

3.  Oroun^tuM  of  colorless  or  light-brown  glass  crowded  with  mi- 
erolitas  of  feldspar  and  pyroxene,  and  magnetite  grains,  showing  a  typ- 
ical "felt-like"  stmctcre.  Porpk^tic  crystals  the  same  as  in  grade  1. 
Examples,  thin  sections  239,  426. 

3.  Qroundmaaa,  holoarystalline,  composed  of  feldspar  microUtes,  and 
indistinct  grains  about  .OOSi"^  in  diameter,  with  grains  of  pyroxene 
and  magnetite.  Porphyritic  crystals  as  in  grade  1.  Example,  thin 
section  422. 

4.  Groundmois,  holocrystalline,  composed  of  feldspar  microlites  and 
grains  of  pyroxene  and  magnetite,  the  cementing  material  being  crys- 
tallizeil  in  irregular  patches  with  uniform  orientation  for  the  space  of 
aboat  ■OS'"".  Porpkyritie  crygtaU  as  in  grade  1.  Examples,  tbin  sec- 
tions 121, 122. 

6.  Oroundmius,  holocrystalline,  the  same  structure  as  in  grade  4; 
but  the  indistinct  patches  about  .05"""  in  diameter,  though  not  of  imiform 
size  throughout  the  thin  section.  The  feldspar  microlites  measure 
about  .02=""  long.  It  is  sometimes  composed  of  grains  from  .01  to  .02"" 
in  length  with  feldspar  microlitfis.  Porphyritie  erytfaU  as  in  grade  1. 
Examples,  thin  sections  36,  420. 

6.  Qroundmats,  holocrystalline,  the  same  structure  as  in  grade  6 ;  the 
patches  averaging  as  high  as  .1™,  full  of  feldspar  grains  .01™  in  di- 
ameter and  feldspar  microlites  .05™  long  by  .Ol™  wide.  Porphyritie 
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orj/8tals,  abuudant  plagiodase  varying  in  difEereut  tliin  seotiODB  from  aa 
average  of  1.5°"  to  2.5™ ;  pyroxene  aa  ia  tlie  precediDg.  Examples, 
thin  sectiona  125,  389. 

7.  Qroundtnaaa,  holocryBtalline,  compoaed  of  feldspar  miorolites  aboat 
0.1™  long  with  granitoid  grains  of  feldspar  and  qoartz  tcom  .01*  to 
.04™  in  size,  together  with  grains  of  pyroxene  and  magnetite.  Porpkjf- 
ritie  erystak,  plagioclase  average  abont  2.6™,  aod  begin  to  loee  the 
sharpness  of  their  oatline.  The  same  ia  true  for  the  oatlioe  of  tlie 
pyroxene  seotions.    Examples,  thin  seotiona  169,  441. 

8.  OrovndmoM,  holoorystalline,  composed  of  granitoid  grains  of  feld- 
spar and  quartz  aboat  .06™  in  diameter,  and  lath-shaped  phtgioolaae^ 
in  variable  pioportiona,  besides  pyroxene  and  magnetite.  JWpAjrrttio 
cryttaU,  plagioolaee  2.5™  and  smaller ;  the  onUines  of  some  rather  in- 
distinct; pyroxene  as  in  grade  7.    Examples,  thin  aeotioDS  53, 173. 

9.  Oroundvuiss,  holoorystalline,  granitoid  grains  of  aboat  01'~  and 
ill-defined  lath-shaped  plagioclase.  PorpkyriHo  erj/ttaie,  plagiodasa  of 
3*™  and  amaller,  some  with  very  irregalar  border;  pyroxene  aa  in  grades 
7  and  8.    Example,  thin  section  216. 

10.  OroundmoBt,  holocrystalline,  granitoid  grains,  aboat  0.1™  in  size, 
with  porphyritic  oiystals  nearly  equaling  the  gronndmass  in  amonnt. 
Porpkyritie  ery»tab,  plagioclase  3.5™  and  ampler;  pyroxene  showing 
little  change.    Example,  thin  section  56. 

11.  Oroundmaat,  holooiystalUoe,  composed  of  plagioclase  feldspar  of 
1.5™  and  smaller,  with  fewer  granitoid  grains  of  abont  0.1™.  In 
places  it  shows  fine  pegmatoid  atruotore,  formed  of  quartz  and  plagio- 
clase, snrroanding  plagioclase  crystals.  Porphgritie  «ryriala,  plagio- 
olase  3™  long;  the  sharply-defined  zonal  stmctare  of  the  main  mass 
of  the  crystal  aarrouuded  by  a  poorly-defined  border  of  feldspar,  which 
loses  itself  among  thea^ja^ent  grains;  pyroxene,  sometimes  in  well- 
defined,  fregaently  in  irregnlar-formed,  crystals.  Example,  thin  sec- 
tion 213.' 

'Agreeing  with  Profeaaor  Bosenbaftch  in  jcener&l  as  to  tbe  oiigin  of  gnumlAr  and 
porpbyritta  Stmotmes  in  emptive  rooks ;  "  Ueber  daa  Weaen  der  kSnigen  nnd  pot- 
phTTiaoben  Stractur  bei  HasseDgestefnen"  in  Nenea  JBhibnch,  1889^  n  Band.  We 
woold  briefly  define  the  Btrnotarsl  terms  nsed  thtongboat  thle  papei  aa  follows : 

Qranular. — The  strnatDre  presented  by  nx  aggregation  of  grains  of  nearly  the  naiifi 
wze,  or  an  aggregation  in  which  there  ia  a  range  in  the  size  of  grain,  bnt  with  aneb 
agradoal  transition  that  uoparticnlorindiTidoal  stands  ontfiom  the  others  in  atrang 
ooDtrast.  • 

6ravitoid.—A  sfTnotare  In  which  the  grains  have  an  IrTBgnlar  form,  prodnoed  by 
tile  mntusl  interference  of  adjacent  cryatala  during  thedr  growth.  Tbe  atmotiiie 
common  to  normal  granites. 

PorpAyriHe.— The  stmotnie  which  is  prodnoed  when  more  or  leas  weQ-deOoed  oiye- 
tais  are  imbedded  in  a  groandmoss,  which  is  elthw  glaaay  or  holooiystaUioe,  oom- 
posed  of  orystala  or  grains  of  much  smaller  size  than  tlie  Imbedded  eryatala. 

Ptgwutloid, — The  stmotnre  prodnoed  by  tbe  intergrowth  of  two  or  more  minerals, 

Dsnally  qnartz  and  fbldspar,  in  encb  a  manner  that  when  aaen  in  thin  aeetion  they 
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lu  other  words,  tve  see  that  the  porpbyritic  cijstals  show  bat  Blight 
modification  in  the  different  grades,  the  sharp  oatliues  of  the  feldspars 
and  pyroxenes  being  lost  as  the  gndns  in  the  groandmass  become  larger, 
the  nature  of  the  inclasions  in  the  feldspars  also  varying,  as  noticed 
farther  on.  The  essential  variation  takes  place  hi  the  gronndmass,' 
whichstarting  with  a  glass  bearing  few  microlites,  grows  richer  in  them, 
then  crowded  antil  a  very  small  amoant  of  glass  remains  as  a  cement- 
ing base.  This  may  be  oryBtallized  in  mieroscopieally  cryptocrystalline 
particles,  whose  mineral  composition  is  not  determinable.  As  the  size 
of  the  grain  increases  the  cementing  material  assumes  the  appearance 
of  nniformly  oriented  patches  which,  with  increasing  grain,  are  fonnd 
to  be  in  part  qaartz.  In  the  higher  grades  the  microlites  have  larger 
dimensions,  and  the  cementing  grains  a  granitoid  form  with  or  without 
pegmatoid  straotnre. 

In  the  highest  grade  (macroscopically  a  fine-grained  porphyritic  rock) 
it  is  difScult  to  draw  any  line  between  porphyritic  crystals  and  gronnd- 
mass, the  more  or  less  well-defined  feldspars  ranging  from  3°°  in  length 
to  the  size  of  the  average  granitoid  grains  of  feldspar  and  qaartz. 

It  is  interesting  to  notice  the  appearance  of  a  small  amount  of  quartz 
as  the  last  crystallizing  mineral  in  the  coarser-graiued  varieties  of  this 
pyroxene  rock.  It  corresponds  to  the  free  silica,  which  remains  after 
calculating  the  theoretical  mineral  composition  from  the  chemical  analy- 
ses of  this  rock,  the  excess  being  from  3  to  6  per  cent. 

Though  the  difference  in  the  degree  of  crystallization  between  any 
two  divisions  of  the  scale  is  so  slight,  yet  it  represents  more  than  actu. 
ally  exists,  for  the  forms  pass  by  imperceptible  gradations  into  one  an- 
other. If  now  the  thin  sections  of  both  rocks  are  arranged  according 
to  this  classification  in  columns  as  shown  in  Table  I,  we  get  at  a  glance 
some  very  striking  results. 

KppearasgioQiMof  gr^nsof  moreor  leeaiegalarfonD,  eaoh  group  bavingons  optical 
orlentatiuD  ttarongtioat.    Jt  is  Bfmilar  to  the  etractore  in  grApbic  granite. 

Qraitop^tfrt. — The  variety  of  pegmatoid  stractare  in  which  the  intergrown  mineTolB 
ai«  arraiiged.  in  ladlating,  pinmoae  or  feather-like  forms. 

Mierotrsitallint. — An.  aggregation  of  crjBtalline  grains  which  can  only  bo  lecog- 
nized  as  each  by  the  aid  of  the  microscope.  This  inclades  many  rocks  which  would 
be  macroscopically  ctTptocrystalline,  aptuinitio,  or  lithoidal. 

MicrocTjplocryatalUne.—Xa  aggregate  of  Diyatalline  particles  so  small  that  tlie  high- 
est magnifying  power  fails  to  reaolve  them  into  individnsl  grains. 
(136) 
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tCbe  numban  in  thii  Bud  Uie  foUoittDg  table*  reftr  to  ibe  tUo  ucUoDi  la  Uw  IPHbim  oollectfaL 

It  api>ears  that  the  coarsest-grained  rocks  with  a  well-defined  grann- 
lar  atnictare  are  foaod  only  io  the  so-called  diaba^,  while  the  extreme 
forms  of  andesite,  as  seen  in  column  8,  show  a  tendency  to  a  develop- 
ment of  the  same  structure.  On  the  other  hand,  the  glassy  and  ciypto- 
crystalline  varieties  are  confined  e^cclusively  to  the  andesites.  More- 
over, the  rocks  of  medium  grain  include  mncli  the  larger  number  of 
thin  sections  from  both  series,  the  greater  part  of  the  diabase  shov. 
'  ing  a  coarser  structure  than  most  of  the  andesites,  with,  however,  only 
a  differeDce  of  abont  .02'°™  in  the  size  of  grain.  Xow,  each  of  the  five 
grades  (i  to  8  inclusive)  for  one  rock  has  its  exact  counterpart  in  the  other 
in  size  and  shape  of  grain  and  structare  of  groundraaas.  On  comparing 
the  thin  sections  it  becomes  apparent  that  not  only  is  the  groandmaas  in 
each  rock  absolutely  the  same,  bat  the  porphyritic  crystals  are  identi- 
cal, giving  the  same  results  to  every  possible  test  that  can  be  applied. 
They  consist  of  the  same  species  of  triclinic  feldspar,  pyroxene,  and 
occasional  hornblende.  The  feldspars  in  rocks  of  corresponding  grade 
present  the  same  outlines,  striations,  similar  extinction  angles,  zooal 
structure,  and  the  same  amount  and  character  of  inclusions.  So  much 
stress  has  been  laid  upon  the  nature  of  the  inclusions  in  the  feldspars^ 
that  an  esbanstive  study  was  made  of  them,  comparing  thin  aeotions 
ft^im  rocks  of  the  same  degree  of  crystallization  without  discovering 
any  difference.  In  each  thin  section  the  individual  feldspars  esbibit 
great  diversity  in  the  nature  and  amount  of  their  inclusions,  some  bear- 
ing scattered  rectangular  glass  bodies,  others  abundant  smaller  ones 

'  Geology  of  the  CotUBtock  Lode,  page  IW. 
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n-itb  rounded  oatlJDes,  others  being  nch  ingrainsof  pyroxene  and  mag- 
netite, others,  again,  combiDiog  all  three,  or,  what  is  by  no  means  ancom- 
inon,  being  nearly  free  ftoiii  all  inclasious.  Fluid  iuclusious  which  might 
becousidered  primary  are  scarce  in  themediiim-graiiied  rocks,  but  were 
not  found  more  abundantly  in  the  "diabase''  tban  in  the  andesitc.  As 
might  be  supposed,  glass  iuclusioas  in  the  feldspars  are  more  numerous 
in  the  glassy  and  Hue-gratned  rocks,  but  U]>on  carel'ul  search  they  may 
be  obstTved  in  every  thin  section  of  the  "(liabase,''  fnini  the  finest  to 
the  coarsest.  No  line  of  demurcatiou  can  be  drawn  between  these  rochs 
based  upon  the  glass-inclnsioDS  in  their  feldspiirs.  In  general,  however, 
it  may  be  said  that  the  number  of  glass- inclusions  decreases  with  in- 
crease in  the  degree  of  crj'stallization.  In  other  wonis,  they  are  a  func- 
tion of  crystalUziition.  This  includes  alt  thin  sections  given  iu  the 
table,  those  in  wliicti  the  feldspars  are  clouded  by  decomposition  being 
unfit  for  such  a  study.  The  fresh  pyroxene  consists  of  the  same  hy- 
persthene  and  angite  in  both  rocks,  the  hypersthene  equaling  or  ex- 
ceeding the  augite  iu  amount,  and  being  the  first  to  yield  to  decompo- 
sition. 

Owing  to  the  number  of  tbin  sections  f^m  these  rocks  and  their 
%'arioa8  degrees  of  alteration,  it  is  easy  to  trace  the  decomposition  of 
byiKrstheoe  throagh  all  its  stages,  the  augite  in  the  same  section  re- 
maining intact.' 

This  iuveetigation  leads  then  to  the  conclusion  that  in  the  tbin  sec- 
tions of  both  rocks  of  the  same  degree  of  crystallization  not  only  ia 
the  composition  and  stmctnre  of  the  groundmass  identical,  but  that 
the  relative  abundance,  size,  and  character  of  the  porphyritic  crystals 
scattered  throagh  this  groundmass  are  the  same. 

Arranging  now  the  band  specimens  fi'om  which  the  thin  sections  vere 
prepared  in  rows  with  the  diabase  and  augite-audesite  of  the  same  de- 
gree of  crystallization  opposite  each  other,  their  macroscopic  characters 
are  seen  to  be  identical.  They  agree  in  color,  texture,  fracture,  and 
porphyritic  crystals.  Variations  in  one  rock  arising  from  stsge  of  decom- 
ixffiition  and  amount  and  size  of  porphyritic  secretions  find  their  exact 
counterpart  in  the  other.  The  conclusion  then  is  inevitable  that  the 
greater  part  of  the  diabase  is  identical  microscopically  and  macro8coi>- 
ically  with  the  greater  part  of  the  augite-andusite  and  presents  the 
transitioD  between  the  glassy  forms  at  one  extreme  and  the  coarsely 
crystalline  forms  at  the  other,  and  fhrther,  that  the  presence  of  a  large 
perceatage  of  hypersthene  removes  these  rocks  from  the  type  of  augite- 
andesite,  properly  so  called,  and  places  them  under  the  head  of  pyroxene- 
andeaite. 
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8UTH0  TUWNEL   8ECTIOK. 

HaviDg  carefully  examioed  all  the  BiiecimeDS  in  the  collection  classed 
as  diabase  and  angite-audesite,  and  sliown  that  they  belong  to  identical 
rock  masses,  let  ua  now  take  up  and  study  step  by  step  the  transitioo 
which  occurs  in  a  continuous  rock  mass  along  a  definite  line.  For  tbitt 
work  the  Sutro  tunnel,  constructed  forthe  purpose  of  draining  the  Com- 
etock  lode,  furnisher  iin  exceptionally  fine  geological  section  throngli 
20,400  feet,  or  ncurly  4  miles,  of  igneous  rocks  l.ving  east  of  the  veiu. 
The  tunnel  enters  near  the  lower  foot-hilla  in  Carson  Valley,  and  runs  h 
little  north  of  west,  approximately  at  right  augles  to  the  course  of  the 
vein  and  trend  of  the  range,  and  direetly  toward  Mount  Davidson,  the 
highest  and  largest  mass  of  the  mountain  group.  Probably  few  lines 
could  have  been  selectetl  more  advantageously  situated  for  eibibiting 
the  structure  of  the  region.  A  collection  of  two  hundred  and  seventy 
specimens,  carefully  selected  at  iptervals  of  100  feet  and  less,  together 
«ith  their  numerous  thin  sections  studied  in  connectiou  with  the  sur- 
face rocks  immediately  above  ground,  shows  clearly  the  different  kinds 
of  rock  wbieh  the  tunnel  penetrates  and  their  variations  in  structari?. 

Referring  to  Sheet  VI  of  the  Atlas"  we  observe  that,  starting  from  the 
mouth,  the  tunnel,  according  to  Mr.  Becker,  passes  through  later  horn- 
blende andesites  with  occasional  masses  of  older  angite-andesite,  and 
at  10,000  feet  enters  the  main  body  of  the  latter  rock.  Thin  sections 
from  about  this  point  show  it  to  be  holocrystalline,  of  the  grades 
4,  5,  and  6.  The  rocks  for  the  next  2,000  feet  are  much  decomposed, 
many  of  them  fall  of  pyrite.  Between  11,400  and  11,700  feet  oc- 
curs a  dike  of  dense  white  rock,  resembling  a  broad  dike  met  with 
farther  in  the  tunnel.  From  12,000  to  13,700  feet  the  andesit«s  show 
more  or  less  alteration,  the  porphyritic  crystals  being  small,  and  the 
iron  magnesia  silicates  indeterminable  in  the  hand  specimens.  Of  the 
five  rocks  in  this  part  of  the  tunnel,  of  which  we  have  thin  sections, 
four  carry  hornblende  associated  with  pyroxene,  two  showing  a  large 
amount  of  the  former.  At  13,700  teet  a  dike  of  quartz-bearing  horn- 
blende-pyroxene rock  is  met  with  possessing  quice  a  difi'erent  groDod- 
mass  structure  from  that  of  the  andesite  through  which  it  cuts.  Be- 
tween 13,800  aud  13,900  feet  another  white  dike  occurs  like  that  already 
mentioned,  followed  by  a  hornblende- pyroxene  rock  of  coarse  grain 
(grade  8).  Here  the  tunnel  cuts  a  dike  1,400  feet  in  width  of  a  denae 
white  rock  carrying  relatively  few  porphyritic  crystals  of  feldspar  and 
still  less  mica,  bat  without-  hornblende  or  pyroxene,  and  having  a 
gronndmass-stmcture  wholly  unlike  any  found  in  the  audesites.  In  the 
Butro  tunnel  section  this  rock  is  indicated  by  lines  of  shading  denot- 
ing solfatario  action,  hnt  it  is  quite  evident  that  it  is  younger  thaa  the 
andesite,  as  it  is  found  penetrating  it.     The  rock  in  every  vray  corre- 

•Geology  of  the  Comatock  Lode.     AtlM,  Sheet  VI. 
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eponda  in  strncture  to  tbe  so-called  felaitic  qnartz-porpliyry  from  the 
aur&ce  near  Roux'b  rancli  and  tbe  Red  Jacket  mioe. 

Following  this  dike  of  white  rock  the  next  1,000  feet  of  the  tunnel 
cots  through  angite-andeaite,  the  nine  thin  sections  of  which  range  in 
grades  of  cryHtalhzatioa  from  four  to  seven,  three  ebowiag  hornblende. 
At  17,100  feet  a  character  is  teric  rock  is  met,  rich  in  fresh,  brown  horn- 
blende, and  having  tbe  same  micros tnictn re  as  theandesites  previouNly 
observed  (grade  7),  yet  ro  much  less  altered  than  the  surrounding  rocks 
on  linth  sink's  tliitt  it  sccuus  evident  that  i.  occurs  hero  as  a  dike.  Ac- 
cording to  the  publishwl  rnai*  section,  however,  there  begins  here  a 
continuous  body  t.r>W  ft-cl  in  width  of  liorubleude-andesite,  but  the 
baud  specimens  studifil  lu.u-i-oscopicatly  slmw  it  to  correspond  iu  every 
particular  to  the  angitexiidesite;  and  of  the  eleven  thiu  sections  fk>ra 
this  body,  with  the  exception  of  the  fresh  rock  above  noticed,  only  two 
sliow  small  amounts  of  hornblende,  the  remaining  eight  not  carrying  any 
that  could  be  definitely  determined.  They  range  in  crystallization  from 
grades  d  to  S  eight,  and  have  the  same  microscopical  character  as  the 
angite-andesito  to  tbe  east.  It  appears  to  be  cut  in  three  places  by 
tnica-faornblende  rocks  differing  essentially  from  the  surrounding  aude- 
sitc,  and  corres[>onding  in  microstructure  and  mineral  composition  to 
tbe  Bo-calted  mica-diorite  from  the  head  of  Opbir  llavine  (thin  section 
459).  Referring  again  to  Sheet  VI,  it  will  be  seen  that  the  tunnel  after 
passing  through  the  body  represeuted  as  horublende-audesite  enters 
the  diabase.  Again,  hand  specimens  from  several  hundred  feet  upon 
each  side  of  the  supposed  line  of  contact  are  indistinguishable  from  one 
another,  and  the  thin  sections  show  identical  structure  and  the  same 
degree  of  crystallization. 

Examining  now  tbe  twenty-seven  thin  sections  from  the  diabase  cut 
by  the  main  tunnel  and  the  north  and  south  branches,'"  tbe  first  of  which 
la  4,400  tieet,  and  the  second  4,0tl0  feet  in  length,  tbey  are  seen  to  vary 
in  degree  of  crystallization  (with  one  marked  exceptioa)  from  grades 
5  to  10,  averaging  8,  or  two  grades  higher  than  the  average  of  angite- 
aodesite.  In  the  hanging  wall  west  of  the  Savage  mine  connection 
the  tunnel  goes  through  diabase,  and  again  also  west  of  the  vein, 
then  passing  through  diorite  it  again  cuts  diabase  180  feet  west  of  tho 
Savage  connection,  and  at  the  end  encounters  a  mica-diorite  like  that 
observed  further  to  the  east.  An  examination  of  the  thin  sections  re- 
cently made  from  the  diorite  showed  in  one  case  that  the  iron  magne- 
sia silicates,  now  comiiletcly  altered  to  chlorite,  were  pyroxene  and  not 
hornblende,  and  in  the  other  two  cases,  while  their  original  nature  is 
not  determinable,  the  microstructure  of  the  rocks  is  tbe  same  as  that  of 
the  most  crystalline  diabase. 

Let  us  reject  for  the  present  the  thin  sections  which  represent  the 
dikes  or  later  intrusions  cutting  through  the  main  rock  mass,  and  place 
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tiie  others  in  colamns  (Table  II)  according  to  the  scale  of  crystallizaiion, 
already  adopted,  amvugiog  them  in  the  order  in  vliich  they  occnr  in 
proceeding  from  the  mouth  Co  the  bead  of  the  tunnel. 

Table  II.— Gr*fei  of  cry (Inllua (ion. 
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The  iniportaot  points  clearl;  broDgbt  out  b;  the  table  are,  first,  that 
tbf  re  ia  ia  general  a  gradual  increase  iii  the  degree  of  crj-atallization  of 
the  rock  from  the  oater  foot  hills  as  the  tunnel  approaches  the  central 
core  of  Mount  Davidson ;  second,  that  while  the  rocks  classed  as  augite- 
amlesite  occur  more  at  the  lower  end  of  the  ecile,  and  the  diabase  at 
the  other,  by  far  the  greater  part  of  bolh  rocks  overlap  each  other  in  the 
intermediate  columns,  and  are  indistinguiBhable  from  one  another.  The 
{{lassy  forms  of  pyroxene-andesite,  abundant  enongh  on  the  surface,  are 
iniknOTn  in  the  tunnel.  It  is  worthy  of  note  that  as  the  north  branch 
approaches  Mount  Davidson  there  is  exhibited  a  tendency  toward  a 
eoarser  cr>'stallization,  vbile  on  the  other  hand  the  sonth  branch,  as  it 
turns  away  from  the  central  mass,  indicates  an  equally  strong  tendency 
to  a  finer-grained  structure 


GBAMULAB    DIOBITB. 

Beference  has  been  made  in  the  text  and  in  Table  II  to  the  diorite 
at  the  head  of  the-  Sntro  tunnel  npon  the  west  side  of  the  Comstock 
lode,  which  we  have  placed  with  the  pyroxene  rocks.  This  rock,  classed 
by  Mr.  Becker  as  granular  diorite,  forms  the  east  frontof  Mount  David- 
son and  presents  the  most  conspicuous  topographical  feature  in  the  die< 
trict.  Of  the  three  specimens  of  grannlar  diorito  from  Mount  David- 
son having  thin  sections  only  one  (213)  was  originally  determined  as 
UDquestionably  diorite,  the  others  being  left,  doubtful.  Tbin  sections 
recently  prepared  from  three  typical  localities,  namely,  the  summit  of 
Mount  Davidson  (488),  Ophir  Bavine  (489),  and  the  Sutro  tunnel  (607 
and  608),  show  that  they  are  identical  with  those  previonsly  examined. 
Moreover,  they  agree  in  every  particular  of  microstructure  and  mineral 
character  with  the.coarseet-graiued  pyroxetie  rock  fonnd  to  the  east  of 
the  vein  from  the  north  branch  of  the  Sntro  tunnel  (56)  and  the  G.  and 
C.  shaft  (27). 

The  light-green,  fibrons  homhlendo  shows  its  nralitic  nature  by 
having  the  characteristic  eight-sided  outline  of  pyroxene  in  cross-sec- 
tion. Both  the  diabase  from  Ophir  Itaviue  (21C)  and  the  diorite  from 
the  Savage  mine  (463)  show  the  transition  of  the  pyroxene  into  fibrous 
hornblende.  While  Iwth  rocks  are  at  present  hornblcndic,  it  is  evident 
that  their  hornblende  is  for  the  most  part  secondary,  and  that  they  are 
coarsely  crystalline  pyrosene  rpcks  with  the  hyi  ersthene  and  augite 
altered  to  uralite." 

The  identity  of  the  granular  diorite  with  the  coarse-grained  diabase  ' 

><  The  diorild  from  Ophir  Ravine  (40tli  Pftrallel  Collection,  No.  396^,  thin  Beotiou 

137)  shows  both  uiulitio  horoblOTide  aud  tibrans  hornblende,  ntiiob  appeora  to  have 

rosnlted  from  primary  borDblondo.    Somu  of  the  p'anioelaae  bears  mEnnte  Kh^s  ia- 

cloMOna ;  the  gronndmaaa  shoirB  fine  pegmatoid  stractnre. 

(141) 
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is  well  brought  ont  on  comparing  thin  sections  507,  508,  488,  489,  213, 
214,  360,  aud  463  of  the  former  with  14,  280,  215, 216,  27,  and  55  of  the 
latter;  aluu  on  coin[mrJug  hand  specimens  109,  215,  303,  567,  568,  and 
U26  with  307,  264,  and  364. 

The  difhcalty  of  diatingnishing  between  thetie  rocks  seems  to  hare 
been  realized  b;  Mr,  Becker,  for  be  admits  that  the  gray  grannlat 
diroite  may  be  mistaken  for  granular  diabase ;  '*  and  again,  in  Rpeaking 
of  the  locality  in  Ophir  Itaviue,'^  aaya :  "This  bears  a  very  strong  ont- 
ward  resemblance  to  a  granular  diorite,  aud  it  seems  impossible  to  make 
out  a  sharp  contact  between  the  two  rocks.  I  am  by  no  means  sure  that 
it  should  not  be  regarded  as  a  local  modidcation  of  diorite  rather  than 
an  independent  eruption." 


POBPHYBITIC   DIORITE  AND  EABLIEE   UOBN BLEND E-ANDE8ITE. 

If  we  arrange  the  surface  specimens  op  a  table  as  nearly  as  possible 
in  accordance  with  thetr  relative  positions  on  the  map,  we  are  at  once 
impressed  with  the  similarity  between  those  labeled  diorite  and  mauy 
classed  as  andesites  aud  with  the  difficulty  of  establishing  any  line  of 
demarcatioD  between  the  two  rocks.  Another  remarkable  fact  is  the 
gradtia!  transition  from  the  most  crystalline  forms  of  which  Mount 
Davidson  is  chiefly  made  up,  outward  as  from  a  center  to  less  crystal- 
line and  glassy  vaiieties. 

It  soon  becomes  evident,  upon  a  cursory  examination  carried  on  in 
the  same  manner  as  in  the  study  of  the  prosene  rocks  that  the  different 
varieties  of  porphyritic  diorites  have  as  to  macroscopical  habitus  their 
exact  counterparts  among  the  earlier  bomblende-andesites.  The  fol- 
lowing surface  specimens  may  be  cited  for  the  purpose  of  comparison: 

Diortte.  Homblend^-andttile. 

481  like  157. 


449,312 

'     48(3,487. 

185,477.41 

'     225,  IM.  158. 

59,479.42,40 

'     817. 

558  "     494,538.536. 

Every  variety  is  here  represented ;  there  may  be  found  those  with 
large  pori>hyritic  crystals,  and  those  with  very  small  ones,  ranging 
&om  much  decomposed  to  quite  fresh  forms.  They  agree  in  testnre  and 
color  of  gronndmass,  in  character  of  fracture  and  mode  of  weathering, 

"toe.  cit.,  p.  39.  "  Loc.  •.!!.,  p.  197. 
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and  in  size  and  relative  abundance  of  porplijrritic  crystals.  lu  a  word, 
by  every  macroscopical  test  that  can  be  applied  they  are  indiatinguish- 
able  in  the  haud-specimeDs.  Taking  up  now  the  sixty  thin  sei-tions  rep- 
resenting the  snrface  collection  of  both  these  rockd  and  subjecting  them 
to  the  same  comparative  microscopical  scrntiny  applied  to  the  i>yroseDe 
rocks,  they  still  fail  to  present  any  distinguishing  features.  The  ground- 
mass  of, the  porpliyritic  diorites  varies  from  cryptocrystalline  to  micro- 
crystalline,  formed  sometimes  wholly  of  lath-shaped  microliter,  others 
having  a  granular  strncture  with  microscopic  feldspars  scattered  through 
it.  Now,  for  every  variety  of  gronndinass  among  tb«  porphyriti«  dio- 
rites from  the  surface  there  can  be  found  among  the  audesicea  identical 
.  rocks  of  the  same  degree  of  crystallization,  corresponding  in  structure, 
size  of  grain,  and  mineral  composition.  The  same  identity  holds  good 
for  the  porphyritic  crystals ;  the  feldspars  show  the  same  inclusions, 
and  the  bomblended  and  pyroxenes  present  precisely  similar  eharacttirs 
in  both  rocks.  Quite  iu  accordance  with  the  observations  upon  the 
pyroxene- an desites  there  are  a  few  horublende-andesite  sections  which 
show  glass  in  the  grouodmass,  and  at  the  same  time  a  corresponding 
inorettse  in  the  amount  of  glaas-inclusious  iu  tLe  feldspars,  but  by  far 
the  greater  unmber  of  rocks  represented  are  bolocrystalline. 


MICA-DIOKITE    ANU   LATER    llORNBLENDE-ANDESITE. 

The  rocks  classtMl  by  Mr.  Becker  as  later  horublende-andesite^'  we 
prefer  to  call  hornblende- mica-andesite,  for  the  reasons  that  they  are 
vliuracterized  in  distinction  from  tbe  earlier  horublende-andesite  by  au 
abundance  of  mica  as  an  essential  ingredient,  and  are  at  tbe  same  time 
more  acidic  in  composition ;  and  while  the  name  later  hornbleude- 
andesite  answers  well  euough  for  the  Washoe  district,  it  is  hardly  ap. 
plicable  in  other  regions  of  the  Great  Basin  where  these  rocks  fre(]uently 
occur,  forming  large  extrusions  without  any  association  on  the  surface 
with  earlier  hornblende-andesite.  Tbe  specimens  in  the  collection  vary 
greatly  iu  tbe  abundance  and  size  of  porphyritic  crystals,  in  texture  and 
color  of  groundmoss,  as  well  asiu  tbe  relative  proportions  borne  by  the 
constituent  minerals  to  one  another.  This  variation  iu  habitus  is  greater 
than  iu  either  hornblende  or  pyroxene  andesitc.  The  mineralogical  fea- 
tures and  diversity  of  habitus  have  been  well  ilescribed  by  Mr,  Becker 
in  his  monograph. 

The  mica  diorites  are  few  in  number  and  represent  comparatively 
small  masses  scattered  over  the  surface  or  esposed  by  the  underground 
workiugs  of  the  mines.     Severtheless  when  considered  in  counectioD 

"  Those  rocks  ate  the  "  truth  jles  "  i>f  Baron  vou  Kichthofen,  Mr.  Clftrence  King,  and 
Prof.  Zirknl.     Mr.  Berker  has  showa  that  according  to  tlie  niucli^m  clnssiS cation  now 
generally  a<lo[)teil  hy  lUhologiHta  thftj  belong  to  the  andesite  gronp. 
(143) 
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with  the  other  mica  bearing  dioritea  in  the  collection  tbej  form  n  mncli 
larger  claaa,  presentiug  au  equally  varied  etrtioture  and  composition, 
ADd  fort^acb  variutioii,  nitli  tbe  exception  of  the  more  crystalliDe forms, 
ilhe  exact  eouuterpart  may  be  fbnurt  among  thu  later  hornhlende-ande- 
«it«8.  Hy  placing  the  corresponding  forms  in  parallel  rows,  as  in  the 
'Caae  of  the  diorites  and  earlier  hornblende  audeaites,  it  is  found  quite 
irapoasible  to  distinguish  them,  ihe  great  variation  in  macroscopical  ap- 
pearance bringing  out  all  the  more  forcibly  the  absolute  identity  of  the 
two  rocks.'* 

The  thin  sections  clearly  show  the  same  correspondence  in  minute 
structure,  although  a  thorough  comparative  study  is  not  always  possi- 
4)le,  as  the  Bectious  from  the  mica  bearing  diorites  are  mainly  from  nn- . 
■dergronod  specimens  exhibiting  more  or  less  decompo^tion,  while  those 
ifrom  the  later  homeblende-andesites  are  for  the  most  part  fresh.  Tbd 
only  thin  section  (No.  101,  1,000  feet  from  the  Silver  Bill  mine)  of  the 
fine  grained  mica-diorites  in  which  the  feldspars  still  remain  unattacketl 
exhibits  glass  inclusions  in  the  fl-esh  feldspars,  and  in  the  relatively 
coarse-grained  varieties  (grades  8,  9,  10)  they  may  be  seen  in  profusion, 
while  they  are  almost  wholly  wanting  iu  those  of  the  coarsest  grain 
(grades  12, 13,  14]  which  abound  iu  liquid  inclusions,  as  might  be  au|>- 

■*Th6  rulIowlDg  table  nipreMnts  the  numbers  of  the  b»Dii  BpecimenH  of  (he  Ivo 
rocfcB  which  correspond  emch  to  each ; 


Ulct-beiiriDK  dh>rilB. 


fVvfli  amrfiie*  fo^  [  Fram  wminff  co 


Ma.  SSI.  SIT,  T» 


1K«I 

/^"f- 

M 

,, 

TO 

MB  (61  BIO  (») 

K 

U8,4TS 

1      SiM.SIW.ini 

1      *«t 

101 

5H 

1S8 

OTI 

lOT.SW 

1    ini,im 

m 

SK 

\     MS 

I       sra 

BS! 

j      «(i,lMT,l»71 

•■1 


ORAUI  R   OF    CRYSTALLIZATION. 


25 


IMsed.  In  tlii»  series  of  rueko  u)so  we  Bee  tbat  the  range  fVom  glass  to 
liqaid  iiiclusious  varies  nitli  tlie  degree  of  crystal lizatioD,  as  already 
Hhowii. 

These  last  thret^  grades  of  erystqllization  have  the  followiog  charac- ' 
teristics,  it  being  borne  in  mind  that  the  iron  magnesia  silicates  in  the 
series  in  question  diO'er  from  those  of  the  serie-s  dcftcribed  oh  i>ages  13 
and  14, 

Grade  13. — More  or  leKS  welt-defined  crystals  of  ]>lagioclase,  S-S"" 
and  smaller,  with  very  iiregulsr  jiatches  of  mica  and  hornblende,  in  a 
^roaudmnss  of  most  irregnlariy  shaped,  interlocking  grains  of  feldspar 
and  quartz,  which  range  from  1.8"""  to  0.6"""  in  diameter.  Example, 
thin  section  291. 

Grade  13. — The  average  size  of  the  granitoid  grains  somewhat  larger 
than  in  grade  12,  and  exceeding  in  many  cases  the  size  of  the  better 
ontlined  crj-stals.    Example,  thin  section  460. 

Grade  14. — A  thoroughly  granitoid  structare  to  all  the  mineral  con- 
stitueuto,  which  range  in  size  from  .3.5°"°  to  others  quite  smdl,  the 
greater  part  of  them  averaging  as  high  a»  1.5™™.  Example,  thin  sec- 
tion 268. 

Arranging  the  thin  sections  according  to  their  degree  of  crystalliza- 
tion (Table  III),  the  scale  adopted  being  api>roximately  the  same  as 
tbat  given  in  the  table  for  the  pyroxene  rocket,  the  relation  of  the  later 
homblende-andesites  to  the  mica-bearing  diorites  will  be  seen  at  a 
glance : 

Table  III.— OradM  »/  crgttaUUalion. 
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The  extreme  glassy  form  represented  in  the  table  of  pyroxene  rooks 

does  not  happen  to  occur  among  the  thin  sections  of  later  hornblende- 

aiidesite,  but  a  large  jiroportion  of  them  represent  a  .glassy  groundmass 

crowded  with  microlites,  while  all  of  them  belong  at  one  end  of  the 

(145) 
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series.  Oa  the  otber  hand  all  of  the  so-calted  mtca-diorites  possesa  a 
holocryetalliiie  tii-ouDdma^js,  range  from  finely  microcryatalliBe  to  a 
macrograDuJar  or  granitoid  strnvturc,  in  which  the  smallest  grains  are 
Tisittle  to  the  naked  eye.  They  reach  a  somewhat  coarser  grain  thau 
was  recognized  among  the  pyroxene  rocka,  the  scale  being  extended 
from  eleven,  in  Tabic  I,  to  fourteen  grades.  As  indicated  in  the  table, 
the  three  highest  gnule^  of  the  audcsite  correspond  to  the  thi^  lowest 
of  the  diorite  and  are  identical  with  them  in  microscopical  detail.  Moro- 
orer  more  than  one-half  the  thiD  sections  examined  fall  within  these 
three  grades.  A  separation  of  the  two  rocks  ftom  a  petrograpbic  stand- 
point seems  to  as  quite  impossible." 


QUABTZ-POEPHYBY,    DACITE   AND   RHYOLITE. 

Baron  von  Kichtbofen,  in  his  stady  of  the  Washoe  district,  evidently 
paid  but  little  attention  to  these  rocks  and  dismissed  them  with  brief 
mention,  regarding  them  as  of  slight  importance  in  questions  bearing 
upon  the  geology  of  the  vein.  He  considered  tbem,  however,  as  earlier 
than  tlie  Tertiary  volcanic  lavas.  Mr.  Clarence  King,  after  carefat  ex- 
amination of  the  field,  referred  them  upon  geological  evidence  to  the 
Tertiary  series,  and  Professor  Zirkel,  after  a  microscopical  examination 
of  the  thin  sections,  determined  them  as  belonging  to  both  dacite  and 
rhyolite.  The  results  of  Mr.  Becker's  investigation  led  him  to  the  coa- 
clnsion  that  the  absolute  uniformity  of  the  rock  masses  precladed  their 
separation  into  Tertiary  and  Pre- Tertiary  eruptions,  while  geological 
observation  and  an  examination  under  the  microscope  of  certain  speci- 
mens, following  the  same  methods  of  reasoning  as  adopted  for  other 
rocks,  induced  him  to  agree  with  von  Riobthofen  as  tu  their  age.  From 
oar  owa  knowledge  of  the  district "  and  close  study  of  the  specimeos 
and  thin  sections  we  have  ai-nved  at  tiie  conclusion  reached  by  Mr. 
King  as  to  the  age  of  this  series  of  rocks,  and  agree  with  Professor 
2irkel  as  to  their  specific  determinations. 

Omitting  for  the  present  the  geological  e\'idences  bearing  upon  the 
age  of  the  rocks  plotted  on  the  Washoe  map  as  quarfz-porpByry,  let  ua 
first  consider  their  microscopical  and  macroscopical  habitns.  They  are 
for  the  most  part  rich  in  porphyritic  crystals  of  qaartz,  feldspar,  and 
mica,  with  some  hornblende,  but  vary  greatly  in  the  relative  proportions 


'•Similar  petrograpbic  relations  apparently  exist  among  the  rocks  of  tbe  Banat 
tleacribed  by  J.  Kiedzwiedikt  in  an  article  entitled  "Zur  Keuntoiss  der  Baoatcr 
Eniptivgesteine."    Tschennak'H  Mineralogiache  Mitthuilangen.    1H73.    Iv,  355-^1. 

"  One  of  the  'writ«rH  of  the  present  article  was  geological  assistant  to  Ur.  Clareace 
King  when  he  made  his  Btndy  of  the  CoRistook  mines  in  the  winter  of  ia67-'6S  aail  is 
■inite  raniiliar  with  the  ocourreDce  of  the  igneons  rocks  of  the  Washoe  district. 
(146) 
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of  these  minerala.  Those  with  few  quartzes,  but  neb  Id  feldspar,  plagiO' 
clase  being  in  excess  of  orthoclaee,  accompanied  by  much  mica  and  less 
hornblende,  correspond  to  dacite  in  mineral  composition,  and  ruisemble 
the  (lacites  from  Mount  Prometheus  in  the  Toyabe  Range.  In  others, 
characterized  by  abundant  qnartzes,  plagioclase  seems  occasionally  to 
predominate  over  orthoclase;  bat  in  most  of  them  the  Inttcr  feldspar 
is  in  excess,  particnlnrly  in  those  poor  in  mica  and  liornblende.  The 
region  is  one  where  not  only  both  dacite  and  rhyolite  occnr,  but  one 
where  the  transition  members  are  well  represented. 

In  macroscopical  habitns  they  exhibit  great  variations,  arising  from  the 
abandaoce  or  scannty  and  size  of  the  porphyritic  crystals,  and  from  the 
color  and  density  of  the  groundmass.  Many  hand  specimens  iire  per- 
fectly fresh  and  show  the  brilliant  sanidins  so  characteristic  of  the 
dacites  and  rhyolites  of  the  Great  Basin,  and  a  microscopical  examina- 
tion proves  conclusively  their  identity.  The  groundmass  of  many  of 
there  often  shows  within  the  small  area  of  a  square  millimeter  the  great- 
est diversity  of  structure,  being  partly  spheralitic,  axtoltic,  and  micro- 
crystalline,  with  glass  either  clear  or  clonded  (microfelsitic),  presenting 
elongated,  carved  patches  and  streaks,  a  structnre  described  in  great 
detail  by  Professor  it  irkel  in  his  monograph  on  microscopical  petrography 
already  mentioned.  The  porphyritic  quartz  contains  in  most  cases  only 
glass,  less  frequently  liquid  inclusions,  the  latter,  however,  occurringin 
greater  nmubers  than  is  usually  met  with  throughout  the  Great  Basin. 
As  these  rocks  are  somewhat  removed  from  the  cent^^r  of  mining  ac- 
tinty,  there  are  no  good  underground  exposures,  i<nd  in  the  few  places- 
where  they  have  happened  to  be  oat  in  exploration  they  show  so  much 
decomposition  or  occur  so  fine-grained  as  to  offer  very  little  variation  in 
degree  of  crystallization.  It  may  be  said,  however,  that  there  exist  n» 
petrographic  distinctions  between  these  rocks  and  many  of  those  found 
in  the  ranges  to  the  eastward.  We  consider  them  as  partly  dacite  and 
pEutly  rhyolite,  and,  judging  from  the  specimens  in  the  collection,  with- 
out any  sharp  line  of  demarcation  between  them. 


TOtiNOER   DIABASE,    BLACK    DIKE,    AND    BASALT. 

The  rock  considered  by  Mr.  Becker  as  younger  dmbase  and  of  Pre- 
Tertjary  age  is  nowhere  recognized  on  the  surface.  It  only  occurs  as  a 
narrow  dike  in  the  immediate  neighborhood  of  the  Oomstock  loile,  where 
it  has  been  followed  for  more  than  a  mile  along  the  lower  levels  of  the 
mines.  In  the  npper  levels  it  has  undergone  so  much  decomposition 
that  little  could  be  made  out  #  it  by  the  earlier  investigators,  and  for 
years  mining  engineers  have  designated  it  simply  as  the  "  black  dike." 
(147) 
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According  to  Mr.  Becker,  who  has  gi^-en  careful  atteotioD  to  the  occur- 
rence of  this  rock,  it  has  not  been  traced  north  of  the  Savage  mine,  bnt 
tbence  south  to  the  Overman,  "it  generally  miu'ks  the  contact  between 
the  older  diabase  and  the  west  wall  with  precision.""  It  extends  as  far 
south  as  the  Caledonia,  presenting  everywhere  great  nniformity,  and 
never  measnring  more  than  G  feet  in  width.  The  rock  was  represented 
b.'t-  only  three  thin  sections,  showing  but  slight  variations  in  structure, 
and  composed  of  triclinic  feldspar,  angit«,  magnetite,  and  wliat  Mr. 
Becker  described  as  "clouds  of  a  smoky  brownish  substance"  which  be 
did  not  determine.  Kow  it  ia  qnite  evident  that  mach  of  this  substance 
occupies  spaces  with  the  six  aided  and  lozenge-shaped  outlines  charac- 
teristic of  olivine;  this  is  well  shown  in  thin  section  274.  Two  new  sec- 
tions from  the  Yellow  Jacket  (1278)  and  the  Belcher  mines  (X322)  show 
in  the  former  a  coarser  grain  and  in  the  latter  a  much  finer  grain,  hav- 
ing a  large  amount  of  fine-grained  gronndmass  with  small  porphyritic 
feldspars,  angites,  and  decomposed  olivines,  the  typical  stmctnre  of 
many  Kevada  basalts. 

The  five  thin  sections,  arranged  in  the  following  order,  509,  466,  289, 
274,  511,  present  a  gradual  transition  from  coarser  to  finer  grain,  tbe 
porphyritic  crystals  diminishing  in  size  and  number  as  the  rock  becomes 
more  and  more  porphyritic  and  carries  more  gronndmass.  The  angites 
aud  feldspars  are  fresh,  while  the  olivines  are  wholly  decomposed  to  a 
greenish-brown  fibrous  substance,  which  is  also  disseminated  through 
the  gronndmass.  It  is  to  be  noted  that  tbe  augite  in  this  rock  is  quite 
fresh,  while  in  many  of  the  andesites  it  exhibits  much  alteration. 

Turning  now  to  the  surface  rock  which  has  been  regarded  by  every 
field  observer  as  basalt,  we  find  that  it  occupies  very  limited  %reas,  only 
-occurring  in  a  few  isolated  patches,  closely  associated  with  the  dadte 
and  rhyolite  in  the  neighborhood  of  American  Flat.  Thin  sections  fh»m 
these  surface  rocks  show  a  ground  mass  without  the  chlorite,  similar  to 
that  in  the  nndergronud  rock  (thin  section  611),  bat  with  fewer  and 
smaller  porphyritic  feldspars.  The  augite  is  of  the  same  character,  and 
the  fi*esh  olivine  presents  the  same  form  and  size  as  the  spaces  occupied 
by  the  "smoky  brownish  substance"  in  the  black  dike.  Comparing 
band  specimens  of  the  two  rocks,  those  from  the  black  dike  aro  seen,  as 
might  be  expected,  to  be  slightly  denser  than  the  surface  basalt.  In 
specimen  1202  from  the  dike  tbe  decomposed  olivines  are  especially 
prominent,  and  give  tbe  rock  exactly  the  same  habit  as  the  basalt  spec- 
imen 398,  from  southwest  of  Bonx's  ranch,  the  latter  differing  fh>m  it 
only  in  being  somewhat  i>orous,  of  a  steel-gray  color  instead  of  greenish- 
black,  and  in  having  ft«sb,  glassy  olivines.  We  fail  to  see  any  petro- 
graphic  distinction  between  the  two  rocks. 

"Xea  eU.,  p.«09- 
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GEOLOGICAL   AKD   CUEUICAL   EVIDEKCE. 

In  tbe  discnaeioii  of  the  igneons  roclfs  of  the  Washoe  diatrict  we  have 
coufloed  oarselves  mainly  to  a  comparatife  lithological  study  of  the 
rocks  of  the  saiae  mineral  composition  which  have  been  olaseed  by  Mr. 
Becker  as  Tertiary  and  PreTertiary  eruptions,  and  Lave  endeavored  to 
show  that  they  were  identical  masses  presenting  insensible  gradations 
from  tbe  glassy  to  the  granular  stmcture.  We  have  omitted  for  the 
most  part  tbe  geological  and  chemical  evidences,  which  not  only 
strengthen  the  position  we  have  taken,  but  clearly  explain  many  diCB- 
cnlt  problems  iu  tbe  strnctoral  geology  of  the  region  and  the  relations 
of  many  of  tbe  rock  masses  to  each  other.  It  is  a  fact  of  some  interest 
that  nearly  all  geologists  who  have  examine<l  tbe  district  have  been  im- 
pressed with  the  apparent  great  variety  in  tbe  igneous  rocks  repre- 
sented. They  have  all  easily  recognize*!!  the  more  characteristic  tjpes, 
such  as  the  granular  rock  which  forms  tbe  bold  front  of  Mount  David- 
son, the  porpltyritic  rocks  npoo  the  flanks  of  the  mountain  variously 
designated  as  porphyritic  diorite,  propylite,  and  borublende-andesite, 
and  the  glassy  and  fine-grained  rocks  mainly  referable  to  pyroxene- 
andesite.  But  the  moment  they  tried  to  ontline  their  areas  they  were 
immediately  beset  with  what  se6med  insurmountable  difficulties.  This 
is  iu  part  owing  to  the  great  amount  of  decomposition  occurring  in  the 
neighborhood  of  the  Comstock  lode,  but  in  greater  part  to  the  gradual 
transition  in  crystaliine  structure.  .  Extreme  forms  were  readily  deter- 
mined, but  where  to  draw  the  line  between  them  seemed  impossible  to 
decide. 

The  supposed  differences  between  the  porphyritic  diorite  and  hom- 
blende-andesite,  which  we  can  bat  regard  as  one  rock,  were  so  obscure 
as  to  make  their  determination  one  of  great  difficulty  and  led  to  a  m^st 
confusing  entanglement."  That  this  confusion  arose  from  snperflcial 
appearances  produced  by  decomposition  seems  evident,  the  more  de- 
composed forms  being  classified  for  the  most  part  as  the  older  rock.  In 
his  discnssion  of  tbe  homblende-andesite,  Mr.  Becker  says,*"  that 
throogh  the  decomposition  of  this  rock  "every  variation  in  coarseness  of 
grain  also  becomes  apparent,"  and  "  all  these  changes  tend  to  diminish 
the  sharp  definition  of  the  porphyritic  crystals  and  give  Ihe  mass  the 
look  rather  of  an  older  dioritic  porphyry  than  of  a  volcanic  rock."  ISow, 
in  speaking  of  the  porpbyriticdiorite  he  says,"  "From  somepeeuliarity 
either  in  composition  or  texture  the  porphyritic  homblende-diorites 
have  undergone  extensive  decomposition  "  and  only  "  two  or  three  small 
masses"  were  found  in  a  fresh  state.  From  a  study  of  these  rocks  it 
seems  evident  that  the  apparent  coarseness  of  grain  of  most  of  the  so- 
called  porphyritic  diorites  Is  derived  solely  from  the  decomposition  of 
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hornblGnde-aDdesite."  It  is  a  most  noteworthy  &ct  that  the  decooi- 
posed  forms  of  andesite  oceor  Id  areas  of  fresh  roc^,  while  the  some- 
what fresh  dioriteR  are  found  in  areas  of  genetal  decompositioo.  The 
propylJte  of  Baron  von  BJchthofen  and  Mr.  Clarence  King  for  the  most 
part  I)cloiig8  to  this  decomposed  rock,  the  latter  geologist  remarking" 
"nearly  all  thf  piopylite  observed  by  as  is  decomposed."  Thedistin- 
guiisliiitg  features  ot  jmipylite  were  considered  to  bo  its  high  degree  of 
^rystnltizatioD  and  a  certain  characteristic  habitus  of  the  horubiende, 
the  former  closely  relating  it  in  structure  to  the  honiblendeporphy rites, 
while  the  latter  character  tended  to  separate  it  superficially  from  the  an- 
desites  with  which  it  is  unquestionably  connected  geologically.  On  the 
one  hand  we  quite  agree  with  Mr.  Becker,  who  has  ably  shown  after  a 
rigid  examination  that  a  greater  part  of  the  propylite  cannot  be  separ- 
ated fhjm  the  hornblende-andesite,  and  that  there  exists  no  evidence  of 
its  pre-andesitic  eruption.  Hq  has  clearly  shown  that  the  propyliti^  of 
Washoe  has  no  claim  to  be  considered  as  an  independent  rock  species, 
its  change  in  habitus  depending  wholly  upon  decomposition.  On  the 
other  hand  our  own  work,  showing  the  transition  from  glassy  lavas  to 
somewhat  highly  crystalline  forms,  compels  us  to  agree  with  the  earlier 
investigators,  and  to  relegate  his  Pre-Tertiary  porphyritic-diorite  to  the 
Tertiary  hornblende-andesite.  A  comparison  of  tbe  geological  maps 
aecompanying  the  works  of  Mr.  King  and  Mr.  Becker  shows  how  em- 
barrassing the  difficulties  were  in  drawing  correct  lines  of  demarca- 
tion between  tbesnpposed  Pre-Tertiary  and  Tertiary  masses.  Over  a  very 
considerable  part  of  the  area  they  fail  to  agree.  In  general  the  latter 
geologist  regards  tbe  sontb  fianka  of  Mount  Davidson  as  covered  by 
hornblende-andesite,  and  tbe  north  flanks  by  diorite,  the  former  geolo- 
gist considering  both  north  and  south  flanks  as  covered  by  propylite 
and  of  Tertiary  age.** 


**Tbe  collection  canlains  Beveial  Beriea  of  BpecinieiiB  showing  tbe  Tiuioiu  ato((M  of 
decompOHition  of  the  rocks,  classed  as  horn  blende- andesite  ami  porpbjritio  dioritm. 
Among  the  former  are  nnoiliera  486,  4*i7,  and  569  to  574.  AinoDg  tbe  latt«r,  448,  449, 
451,  497,  498,  450,  and  310,  311,  312. 

"U.  8.  Geological  Eipl.  of  40th  Parallel,  Vol.  I,  p.  557, 

"In  this  coDnectloD  it  may  be  profitable  to  review  tbe  literatqre  npon  the  propylite 
of  Schemnitz  in  Hnngaif,  a  region  nhicb  pre«ent8  in  manj  respects  a  close  rnsemblafiM 
in  its  geological  liistory  to  Wobhoe.  Dr.  Doelter  (Verhaudlungon  der  k.  k.  geolo- 
gischen  EeiobBanstalt,  1379,  p.  37),  after  a  mineral oglcal  and  chemical  stady  of  tba 
altered  rocks  recognizes  the  microscoplcnl  distinctions  pointed  ont  by  Zirkel,  e«pe- 
dally  in  the  quortzose  rocks,  bnt  finds  isolate  masses  which  anite  many  of  the  char- 
aot«rs  of  both  andesite  and  propylite.  He  fails  to  find  any  difference  in  mode  of  or- 
oarrence  or  geological  age  between  the  two  rocks.  Voni  Rath,  probably  after  a  stndy 
of  tbe  more  crystallino  portions,  concliidea  that  tbe  propylite  properly  belongs  to  dia- 
base and  presents  strnctural  features  qnite  unUko  a  Tertiary  andesite.  With  his  in- 
timat«  knowledge  of  the  Schemnitz  region  Professor  Bza,h6,  in  the  same  numbw  of 
the  (;eologtschen  Rcichsan stall,  from  a  gpologicat  standpoint  denies  the  independent 
eroption  of  propylite.  Dr.  A.  Koch,  in  a  papiir  entilled  "  Neiie  petrograpbische  Un- 
terauchnng  der  trachytiachpn  Gest-eine  dpr  Gegend  von  Rodna"  (VerbandlungeTLdet 
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Tbe  strnoture  of  the  maia  body  of  the  moautain  ia  well  brought  out 
by  the  Siitro  toonel.  It  is  shown  to  be  for  tbe  most  part  a  body  of 
pyroxene-aDdeBite  extending  from  the  central  core  of  Mount  Davidson, 
ivhere  it  is  well  exposed,  eastward  to  the  outer  foot-bills,  where  it  is 
lai'gely  concealed  by  hornblende-mica-andesite,  which  breaks  through  it 
and  covers  the  surface,  the  relations  between  the  two  rocks  being  well 
exhibited  by  tbe  tunuel  section.  As  already  shown,  there  is  a  gradual 
and  steady  increase  in  degree  of  crystallization  as  we  pass  toward  the 
central  core,  the  pyroxeneandesite  which  forma  tbe  west  country  rock 
being  one  or  two  degrees  eoaraer  than  tbe  cast  country  rocU.  In  gen- 
eral tb(4  body  west  of  tbe  lode  opposite  the  central  portion  of  Mount  Da- 
vidson is  somewhat  coarser  than  the  rock  to  tbe  eastward,  but  this  does 
not  hold  true  either  to  the  north  or  the  south.  This  is  explained  by  tbe 
fact  lecognized  by  all  geologists  that  the  vein  is  situated  along  a  line 
of  great  faulting,  the  displacement  being  quite  sufficient  to  briug  dif 
lereut  )>oi'tions  of  tbe  same  rock  mass  iuto  juxtaposition.  Along  the 
line  of  tbe  vein  solfataric  actiou  has  pi-mluced  so  uucb  decomposition, 
especially  to  the  eastward,  that  comparative  petrographic  studies  of 
the  walls  is  a  matter  of  cousidemble  difBculty.  Nevertheless,  the  dis- 
tance is  so  great  and  the  exposures  in  tlie  many  tunnels  so  namerous 
that  tbe  evidence  of  identity  of  both  walls  seems  conclusive.  Let  us 
consider,  for  example,  a  cross-section  in  one  mine.  On  tbe  l,450foot 
level  of  tbe  Sierra  Nevada  mine  a  small  body  of  pyroxene  rock  bas  been 
identified  to  the  west  of  tbe  main  shaft,  bat  to  tbe  east  of  the  shaft  tbe 
country  rock  ia  so  decomposed  that  sufficiently  freeh  material  for  accu- 
rate identification  was  not  obtained  for  1,600  feet  At  this  point,  where 
unaltered  material  occurs,  it  is  shown  to  be  a  pyroxene  rock.  Now,  al- 
though the  rock  haa  undergone  so  much  alteration  an  partially  to  pre- 
clude specific  identification,  there  is  no  evidence  at  band  that  through- 


k.  fc.  fceolog.  RnichaiiiiBCtilt,  IdSD,  Licerntiirnotizeii),  is  of  the  opinioD  that  »  eepara- 
tion  of  Grilnatcin-lrachjte  (propylitc)  from  atnlMitu  ia  inadiuisBible,  since  be  shows 
lliat  both  rocks  are  connected  tbrongb  trsDHttion  forniH.  He  points  out  that  the  piin- 
cipal  difference  between  them  ia  in  the  atrnctnre  of  the  ftronndmaas,  the  propjlita  be- 
ing holocryatalUne  while  the  trae  andesite  of  Hungary  always  contains  more  or  lean 
glaaa.  He  maintains  that  the  qnealion  whether  there  is  an;  [inference  in  geological 
age  of  these  rocks  is  not  yet  satisfactorily  del«rinined.  Dr.  E.  tlussak,  io  a  purely 
petrographic  paper,  "  Gr1lnst«iivtrachyte  oder  Pronylit«,"  pnblished  in  the  samejour- 
nal,  states  that  the  rocks  ore  much  decomponed  ana  agrees  with  Zirkel  as  to  their  mi- 
croecoplcal hfbitns.  Henaye:  "tticaeGesteineiihneludenaltensogonaiitenDiltritpor- 
phyren  wle  anch  den  Diabas-pori>hyrit^D  nngemein,  sind  jpdnch  mit  den  tortiaren 
Krnptivgesteineu  eng  verknilpft  nnd  trohl  nicht  da  von  zutrcnnpn,"  See  also  Prof.  J. 
W.  Jndd'n  valuable  paper  "  On  the  Ancient  Volcano  of  the  District  of  Schemnifz, 
HnngftiT,-,"  Qiiar.  .loiir.GPol,  So^.,  August,  1876. 

Unless  cmsinii  at  gchemnitz,  nnlike  the  conditions  at  Washoe,  has  worn  away  the 
greater  part  of  the  HnperinciinibeDt  rock,  we  are  led  to  believe,  withont  any  personal 
actinaiutance  with  tbe  district,  that  a  thorough  investigation  of  a  large  number  of 
thin  sections  prepared  from  judicioosly  selected  rocks  would  show  a  complete  transi- 
tion from  the  glassy  volcanic  lavas  to  those  corrc.'pouding  in  tcxlnro  to  crjstslline 
diorite  or  diabase. 
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out  ita  whole  length  it  was  not  originally  a  [lyroxeuc-tiDdesite.  ^Vhe^eve^ 
the  rock  occara  sufflcieutly  fresh  to  allow  a  close  stncly  its  IdeDtificatioo 
with  tbia  typo  of  aiidesite  seems  established.  Alt  these  facts  convince 
us  that  the  Coinatock  lode  cannot  be  considered  as  a  contact  vein  be- 
tween two  difl'erent  rock  inassej*. 

Owing  to  the  iDtimate  connection  between  bornbleDde  and  angite, 
and  the  fact  that  pyroxene-andesites  with  varjiug  amounts  of  horn- 
blende occur,  indistinguishable  from  many  hornblende- andesitcs  with 
more  or  less  pyroxene,  it  is  impossible  to  draw  a  sharp  line  of  demarca- 
tion between  tie  two  types.  Great  confusion  arises  when  we  nnder- 
rake  to  map  out  the  Washoe  district,  where  both  rocks  occur  in  every 
possible  gradation  between  tbe  two  specific  types.  Such  transitions 
were  recognized  by  Mr.  Becker,  who,  having  ontllned  the  diffiereut 
areas  covered  by  the  different  volcanic  masses  according  to  geological 
age,  often  considered  himself  forced  to  determine  a  rock  quite  as  much 
from  its  occurrence  within  certain  areas  as  ttom  its  mineral  composi- 
tion, regarding  the  variations  as  local  modifications. 

In  general  the  hornblende-andesite  here,  as  in  many  other  districts, 
seems  to  be  more  silicions  than  the  pyroxene  types,  yet  analyses  show 
many  marked  exceptions.  In  the  intermediate  volcanic  rocks,  like 
those  which  make  up  tbe  greater  iiarl  of  the  mass  at  Washoe,  where 
the  range  in  chemical  composition  between  the  two  is  so  slight,  a  varia- 
tion in  mineral  composition  may  easily  take  place. 

Doubtletis  much  ot  tbe  confusion  wbich  exists  in  the  Washoe  district 
between  the  hornblende  and  pyroxene  divisions  of  these  rocks  arises 
from  tbe  cutting  of  one  rock  by  the  dikes  of  the  other  in  a  far  greater 
degree  than  has  been  heretofore  recognized.  Indeed,  the  region  is  pen- 
etrated by  broad  fissures  and  narrow  dikes,  varying  in  width  from  many 
hundred  feet  to  those  exposing  only  a  few  feet  where  cut  by  mining 
shafts  and  levels. 

This  is  esi>ecially  noticeable  in  the  Sutro  tunnel,  which,  after  passing 
through  the  broad  belt  of  hornblende-mica-andesite,  enters,  as  has  been 
already  mentioned,  a  vast  body  of  pyrozene-andesite  forming  the  maiu 
rock  mass  as  far  as  the  tunnel  runs.  All  other  bodies,  both  large  and 
small,  cnt  by  the  tunnel  present  tbe  appearance  of  occurring  as  dikes, 
many  of  them  failing  to  reach  tbe  surface.  These  facta  lend  support  to 
the  theory  that  a  large  body  of  pyroxcne-andesite  forms  tbe  older  and 
ceutfitl  moss  of  tbe  mountain.  At  17,100  feet  ftx>m  the  mouth  of  the 
tunnel  a  remarkably  fresh  bornblendeandesite  is  cut  with  every  indica- 
tion, Judging  from  tbe  specimens,  that  it  occurs  as  a  dike.  It  seems 
qnite  possible  that  this  may  bave  served  as  a  vent  through  which  was 
extruded,  a  portion  'at  least,  of  tbe  hornblende  rock  found  on  the  sarfhce 
along  the  east  base  of  Mount  Davidson. 

In  tbe  subjoined  table  are  presented  a  series  of  twelve  chemical  analy- 
ses representing  tbe  principal  variations  in  composition  and  structoreof 
the  volcanic  rocks  found  at  Washoe. 
(152) 
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Theiy  are  mainly  compiled  from  the  table  pabliahed  in  Mr.  Becker's 
monograph  and  revised  as  far  as  possible  by  comparisOD  witb  tbe  orig- 
iual  records.  They  are  here  arranged  according  to  their  acidity  in  order 
to  bring  oat  forcibly  the  great  Bimilarity  existing  in  chemical  composi 
tion  between  rocks  which  we  have  endeavored  to  show  were  identical 
in  mineral  composition  and  strnctnrat  features.  Nambers  I,  XI,  XII, 
the  extreme  basic  and  acidic  varieties  of  the  series,  are  now  pablished 
for  the  first  time.  The  identity  In  composition  of  the  hornblende  and 
pyroxene-andesitCB,  which  make  up  the  central  mass  of  the  mountain, 
is  shown  in  analyses  II  to  YII,  inclusive,  the  extremes  in  silica  (with  a 
variation  of  a  little  more  than  1  per  cent.)  tying  quite  within  the  range 
of  most  volcanic  extmsions.  Between  the  coarse-grained  rock  from 
Eldorado  outcrop  (II],  representing  the  mass  of  Mount  Davidson,  and 
tbe  coarse-grained  pyroxene- andesite  (III)  from  tbe  Sutro  tannel,  near 
the  Savage  connection,  chemical  analysis  fails  to  detect  any  marked 
difference;  while  between  the  so-called  porphyritio  diorite  (IT)  and 
hornblende-bearing  pyroxene-andesitAS  the  variations  are  such  as  might 
occur  in  different  parts  of  tbe  same  volcanic  fiow.  In  a  well  character- 
ized homblende-andesite  from  the  Gross-Spur  qaarry  (YII)  the  silica 
reaches  60.82  per  cent. 

In  order  to  strengthen  and  confirm  these  analyses  silica  determina- 
tions have  been  made  of  several  rocks  from  other  localities  in  the  dis- 
trict, carefully  selected  to  represent  the  same  range  in  mineral  compo-. 
sition.  Those  agreeing  in  the  prejtonderance  of  hornblende  or  pyrox- 
ene are  placed  together  as  follows : 

1.  Pyrozene-andesite  (granolar  diabase),  56.40  per  cent.  8iOt. 

2.  Pyroxene-andesite  (aagite-andesite),  66.56  per  cent.  SiOf 

3.  Homblende-andesite  (porphyritic  diorite),  65.66  i>er  cent  8i0.j 
i.  Homblende-andesite  (homblende-andesite),  65.79  per  cent.  SiOi. 
6.  Homblende-andesites  (homblende-andesite),  57.06  per  cent.  BiO*. 
They  all  occur  near  tbe  base  of  Mount  Davidson  from  the  following 

localities : 

1.  Ophir  ravine,  southeastof  Cole  water  tunnel. 

2.  1,000  feet  due  west  of  quarry  above  Occidental  grade. 

3.  Ophir  ravine,  southeast  of  Oole  water  tunnel. 

i.  Bidgo  north  of  Ophir  Hill,  150  feet  west  of  old  flume. 

5.  Tank  600  feet  northwest  of  Yellow  Jacket  shaft. 

From  these  it  wilt  be  seen  that  the  pyroxene-andesit«  from  Ophir  ra- 
vine is  identical  iu  silica  percentage  with  the  foot-wall.  Savage  con- 
nection in  the  Satro  tunnel,  and  differs  from  the  pyroxene-andesite  of 
tbe  surfkce  by  only  0.16  per  cent,  of  silica.  The  homblende-andesite 
from  near  the  Cole  wat«r  tunnel  differs  from  that  of  the  ridge  near 
Ophir  Hill  by  0.13  per  cent,  of  silica.  The  refinements  of  chemistry  like 
those  of  the  microscope  fail  to  detect  any  distinctions  between  tbe  rocks 
of  tbe  same  mineral  composition,  which  have  here  been  classed  as  Te^ 
tiary  and  Pre-Tertiary  age. 
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We  tarn  now  to  the  later  rock  masses  of  both  acidic  and  baeio 
character  foDud  penetrating  the  main  body  of  hornblende  and  pyrox- 
ene andesite  of  intermediate  composition.  We  will  first  consider  the 
hombleode-mica-andesites  (later  bornblende-aadesite  and  luica-diorite), 
which,  though  presenting  variations  from  a  porphyritio  lava  with  a 
glassy  and  microlitic  groandmass  to  a  grauular  stmcture  recognized 
by  the  nnaided  eye,  have  already  been  shown  to  be  indiatinguisbable 
petrographicly.  An  examination  of  the  spectoiens  shows  that  it  Is 
the  coarsely  crystalline  and  decomposed  middle-grained  varieties  which 
have  been  classed  as  Pre-Tertiary  rocks,  while  the  A-esh  and  unaltered 
middle-grained  and  the  glassy  ones  were  regarded  as  of  Tertiary  age. 
The  broad  high  ridge,  lying  to  the  eastward  of  Mount  Davidson,  of  which 
Mount  Bose  and  Mount  Kate  are  conspicuous  features,  forms  the  prin- 
cipal mass  of  this  rock  breaking  through  the  pyroxene-andeaite.  Upon 
the  slopes  of  the  ridge  a  cousiderable  variatiou  in  texture  of  the  rock  is 
easily  recognized.  It  is  only  on  the  surface  along  the  ridge  that  glassy 
forms  are  met  with.  Comparing  the  hornblende-mica'andesite  exposed 
through  the  10,000  feet  cut  by  the  Sutro  tuunel  with  the  sorface  rocks, 
exact  counterparts  are  observed  with  the  exception  that  glassy  forms 
are  wanting.  This  is,  however,  what  we  should  expect,  and  quite  in 
accord  with  all  the  observations  so  far  made  upon  the  collections  from 
Washoe,  namely,  that  the  glassy  forms  of  the  various  rocks  are  only 
found  at  or  near  the  surface,  those  from  any  considerable  depth  having 
cooled  with  sufficient  slowness  to  become  holocrystalline.  Advancing 
now  a  step  farther  we  find  that  the  more  crystalline  rock  from  this  large 
body  of  hornbleude-mica-audesite  bears  the  closest  resemblance  to  parts 
of  Che  so-called  Pre-Tertiary  mica-diorite,  which  passes,  as  has  already 
been  shown,  by  imperceptible  gradations  into  rock  possessing  a  gran- 
nlar  structure. 

Let  us  consider  in  this  place  what  the  intermediate  forms  are  which 
link  together  rocks  of  the  chemical  composition  ■ot  a  glassy  hornblende- 
mica-audesite  possessing  all  the  characteristics  of  a  surface  lava  with 
those  having  the  stmcture  of  many  granitic  rocks.  The  results  derived 
from  a  study  of  numerous  rock  sections^  clearly  indicate  that  the  es- 
sential variation  in  the  more  porphyritic  varieties  takes  place  in  the 
groondmass,  which,  starting  with  glass  containing  few  microlities,  grad- 
ually grows  richer  and  richer  in  microlitic  inclasiona  until  only  a  small 
amount  of  glass  remains  as  a  cementing  base.  This  in  turn  may  be 
crystallized  into  microscopically  cryptocrystalline  particles.  In  a  some- 
what more  advanced  stage  the  cementing  material  assumes  the  appear- 
ance of  uniformly  oriented  patehes  or  of  laicrocrystalline  granitoid 
grains,  which  as  the  size  of  the  grain  increases  is  found  to  be  partly 
quartz,  partly  feldspar.  The  dimensions  of  the  cemented  microlites  also 
increase  until  they  apiwar  as  small  crystals  embedded  in  a  mass  of  ir- 


e  Tsblo  III ;  niso  Tublo  I. 
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regnlu'ly  shaped  grains  of  feldspar  and  qoaitz.  Aa  the  namber  of  large 
crystals  and  tlioee  of  medium  size  increases  tlie  porphyiitic  appearance 
of  the  rock  is  lost,  especially  as  the  sharp  oatline  of  the  larger  crystals 
is  no  longer  preserved,  as  already  described.  The  character  also  of  the 
fMdspars  changes  by  reason  of  the  variation  ia  their  inclnsions,  those 
of  glass  growing  less  nnmeroDs  as  the  rock  becomes  more  crystalline, 
until  they  disappear  entirely,  occasional  fioid  inclusions  making  their 
appearance.  When  finally  the  grains  are  nearly  all  of  one  size  the 
strncture  is  the  even  granular  one  of  a  granite. 

Quartz,  which  in  the  glassy  forms  of  these  hombleude-niica-plagio- 
clase  rocks  occasionally  is  seen  in  small  porphyritic  grains,  first  makes 
its  appearance  as  an  essential  ingredient  among  the  microscopic  grains 
of  the  groundmass,  becoming  more  and  more  apparent  as  their  size  in- 
creases. This  quartz  contains  in  the  coarser-grained  forms  numerous 
doid  iuclusions,  indicating  that  the  gases  disseminated  through  the 
magma,  having  been  excluded  by  the  first  crystallizing  minerals,  irere 
finally  inclosed  in  the  quartz,  the  lust  mineral  to  crystallize,  which  would 
necessarily  occur  when  a  magma  consolidates  under  pressnre,  the  gases 
being  unalile  to  escape.  The  number  of  mineral  constitoeuts  is  stilt 
itu*tber  increased  by  the  development  of  ncidie  fehlspars,  the  uncrystal- 
lized  material  of  which,  together  with  the  silica  of  the  quartz,  makes  up 
the  residual  glass  base  of  the  vitreous  forms  of  the  rock.  It  has  alreatly 
been  shown '^  that  the  glass  of  a  vitreous  lava  grows  richer  in  silica  and 
alkalies  as  the  more  basic  minerals  crystallize  out  of  the-magma. 

Thus  the  rock  which  In  a  vitreous  state  is  composed  essentially  of 
basic  feldspar,  hornblende,  and  mica,  with  a  groundmass  of  glass  more 
or  less  full  of  microlites,  is,  when  coarse-grained,  formed  of  both  basic 
and  acidic  plagioclase  with  some  orthoclase,  besides  hornblende,  mica, 
and  quartz — the  mineral  composition  of  a  quartz-diorite.  The  best  ex- 
amples of  this  decidedly  granitic  strnctare  are  from  the  1,000-foot  level 
of  the  Sierra  Nevada  and  the  Shaft  of  the  Lady  Bryan  mine,  rocks  whieli 
some  geologists  would  call  hornblende-bearing  granite,  but  to  vhicb 
Mr.  Becker  refers  in  his  monograph*^  as  "fresh,  coarsely  granolar, 
quartzose  dtorite."  Though  we  know  but  little  of  the  actual  occniTencc 
and  field  relations  of  the  rocks  represented  by  these  two  specimens,  one 
coming  from  the  end  of  a  drift  and  the  other  collected  from  the  dump 
of  a  mine,  still  it  is  noteworthy  that  they  both  come  from  the  immediate 
neighborhood  of  the  most  extensive  area  of  hornbleode-mica-andesilv 
in  the  district,  and  though  geological  evidence  of  their  direct  couuectiou 
is  wmiting,  the  chain  of  petrograpliic  evidence  is  so  complete  as  to  leave 
no  doubt  in  our  minds  that  these  coarsely  granular  rocks  are  parts  of 

"F.  I''uni|u<!,  "Suutonu  ot  Sch  EniptioDti,"  Paris,  I8T9,  p.  11.  Hagne  anil  Iildiiigs. 
"Notea  on  thv  votcnniweof  NortLi'rii  Cnlifuruia,  Oregon,  auil  Woabiugtoa  Tcrritoi.r,'' 
Am.  Jour,  of  Science,  Vol.  XXVI,  Svpt.,  Ie6a,  p.  OJff. 

"Geology  of  tho  Coinstock  Lode,  pngo  l'J2. 
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tbe  same  magma  as  tbe  bornblende-mtca-aDilesiteB  which  have  crystal* 
lized  very  slowly  under  considerable  pressure. 

With  the  eiceptioD  of  one  body  near  tbe  north  end  of  the  vein,  tbe  so- 
called  miea-diorito  only  occnrs  on  tbe  surface,  as  showa  on  the  map, ''  in 
a  few  isolated  patches  of  no  great  elevation,  where  it  presents  the  ap- 
l>earaDce  of  baring  broken  throagh  the  andesite.  That  there  is  good 
reason  for  snob  a  conclnsion  is  borne  out  by  the  strongest  geological 
evideuce  beneath  the  surface.  It  has  been  pointed  out  that  the  aude- 
fiite  of  tbe  Sutro  tunnel  is  cut  in  three  places  by  narrow  dikes  of  bom- 
bleude-mica-andesite  of  a  medinm  crystallization,  showing  that  here  at 
least  a  similar  rock  is  younger  than  the  main  body  of  Tertiary  andesite. 

Other  instances  of  this  hornblende-mica-rock  cutting  the  pyroxene- 
andesite  are  shown  in  tbe  vertical  sections  through  the  Yellow  Jacket 
and  Belcher  miaes  (atlas  sheet  VII),  and  can  only  be  reasonably  ex- 
plained as  dikes  and  offshoots  from  the  maiu  body  of  a  later  rock  pene- 
trating an  older  one.  By  reference  to  tbe  geological  map  it  will  be 
seen  that  tbe  Forman  shaft  is  located  in  andesite  between  two  small  out- 
crops of  horn  blende-mica- rock  only  3,500  feet  apart.  Sow  the  fact  that 
the  shaft  has  been  sunk  for  a  depth  of  2,340  feet  without  encountering 
either  t>ody  seems  to  point  to  the  conclusion  that  these  bornblende-mlca 
rocks  are  simply  dikes  cutting  the  andesite. 

Let  us  consider  one  more  fact  On  the  1,950-foot  level  of  the  Utah 
mine  a  narrow  body  of  medinm  grained  hornblende-mica  rock  is  ex- 
posed penetradog  the  pyroxene-andesite.  2fow  this  small  body  is  ver- 
tically beneath  the  later  hombtende-mica- andesite  of  the  surface,  with 
tbe  evidence  all  tending  to  the  conclusion  that  the  two  bodies  are  closely 
connected  masses. 

Such  geological  evidence  as  to  the  position  of  these  rocks  seems  all- 
snfficieut  to  determine  their  age,  but  taken  in  connection  with  tbe  proof 
of  identity  afforded  by  rigid  petrographic  analysis  tbe  arguments  appear 
indisputable. 

As  abready  mentioned,  tbe  hornblende-mica  rocks  vary  considerably 
iu  their  mineral  composition  within  certain  limits,  and  a  coirespouding 
variation  is  observed  in  their  chemical  composition.  Analyses  YIII 
and  IX  (Table  lY)  are  from  the  homblende-mica-audesites  of  Mount 
Bose  and  Cross  Spur  quarry,  which  are  rich  in  iron  magnesia  sili- 
cates, bomblende  being  in  excess  of  mica  in  one  case  and  equaling  it 
in  tbe  other.  Analysis  X  from  the  "  mica-diorite,"  800  feet  east  of  the 
Waller  Defeat  shaft,  shows  lens  iron  aai  magnesia,  which  corresponds 
to  the  small  amount  of^iroo  and  magnesia  silicates  fonud  in  the  rock, 
mica  greatly  predominating  over  hornblende.  It  represents  one  of  tlie 
most  acidic  of  tfaew  hornblende-mica  rocks. 

The  qnartzoee  Tertiary  rocks,  a«  has  been  shown,  belong  both  to 
dacite  and  to  rhyolite,  the  rocks  intermediate  between  tbe  two  being 

"OMrff^r  of  tbe  CoiDvtock  Lode,  AtUa,  SliMt  IT. 
(157) 


;.„Google 


aS  DEVELOPUENT  OP  CRT8TALLIZATI0N.  |ini.i7- 

wdl  (]ereio]>ed.  The  surface  iirea  covered  by  them  lies  wholly  in  the 
sonthern  and  southeastern  portion  of  the  district,  mainly  in  the  neigb- 
borhood  of  AmericaQ  Flat.  Their  geological  jioaition  is  best  observed 
in  the  undergronad  workings  to  the  north,  where  the  main  body  of 
pyroxeneandesite  occupies  the  snrfaee,  and  although  the  number  of 
exposures  i«  limited,  their  evidence  is  clear.  JTo  stroHffcr  proof  can  be 
desired  of  the  Tertiary  age  of  the  rocks  in  question  than  the  occnrrence 
in  the  Sutro  tunnel  of  a  broad  dike,  1,400  feet  in  width,  with  nameroas 
offshoots  cutting  the  main  body  of  pyroxene- aadesite.  Microscopical 
examination  proves  this  rock  tobethecounterpart  of  a  lithoidal  variety 
found  ou  the  surface  near  Gold  Canon  and  the  Bed  Jacket  mine."  In 
the  Overmau  mine  a  dacitio  or  rbyolitio  rock  apparently  occurs  as  a 
narrow  dike  extending  upward  nearly  to  the  surface  from  the  2,000-foot 
level.  Again  the  occnrrence  in  the  Belcher  mine  can  best  be  explained 
on  the  simplest  and  most  plausible  theory  of  an  ofi^hoot  or  stringer  from 
the  main  mass.  The  Formaa  shaft,  after  passing  through  pyroxene 
and  homblende-andesite,  exposes  at  about  2,340  feet  from  the  snrfiice  a 
small  body  determined  by  Mr.  Becker  as  an  orthoclase  rock,  which  he 
classes  as  qnartzporphyry.  Although  our  knowledge  of  the  body  is 
extremely  limited,  there  seems  to  be  every  reason,  judging  from  anal- 
ogy, that  it  also  occurs  as  an  iutmsive  mass  penetrating  the  andesitii 
but  failing  by  many  hundred  feet  of  reaching  the  surface.  It  is  worthy 
of  note  that  the  rock  is  faolocrystalline  and  presents  certain  character- 
istics common  to  igneous  rocks  cooled  at  considerable  depths  below  the 
surface,  aud  which  many  geologists  regard  as  evidence  of  their  Pre- 
Tertiftry  age, 

A  recent  analysts  in  the  laboratory  of  the  United  States  Geological 
Survey,  by  Dr.  F.  A.  Goocb,  of  a  dacite  ftom  near  McCIellan  Peak,  is 
given  in  Analysis  XI  (Table  IV).  It  will  be  noticed  that  the  potAssa  ia 
but  slightly  in  excess  of  the  soda,  and  the  miscroscope  shows  that  the 
piiigioclaso  is  far  in  excess  of  orthoclase  among  the  porphyritic  crystals. 
In  Analysis  XII,  also  by  Dr.  Gooch,  the  potassa  greatly  predominates 
over  soda,  and  the  rock  ftt)m  which  it  was  made  is  characterized  by  pre- 
vailing orthoclase,  the  habitus  and  chemical  composition  being  those  of 
a  typical  rhyoHte. 

Geological  evidence  having  proved  that  the  rock  penetrated  by  the 
black  difee  is  inseparable  from  the  Tertiary  pyroxene-andesite  lavas, 
it  of  course  follows  that  the  later  rock  is  also  of  Tertiary  or  still  more 
recent  age.  A  comparative  study  of  the  hand  specimens  and  their  sec- 
tions has  shown  the  similarity  in  composition  snd  structure  existiDg 
Itetweeu  the  surface  basalts,  near  American  Flat,  aud  the  well-known 
black  dike  of  the  Comstock  lode,  they  differing  only  slightly  iu  de- 
gree of  crystallizatioD  and  state  of  preservation.  By  reference  to  the 
map  (atlas  sheet  IT)  it  will  be  noticed  that  there  are  only  five  snrbce 

"  Compare  tliu  following  hand  Bpecimeos :  Nnnben  182  to  19S  from  th«  Satro  tnn- 
nol  with  417,  370,  397,  399,  405,  and  411  from  Um  aorfkce  coUootion. 
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occQireuces  of  basalt,  ail  of  them  insignificant  in  area  and  in  height.  In 
a  direct  line  from  the  basalt  masses,  immediately  to  the  westward  of 
Americao  Flat,  it  is  only  4,600  feet  to  the  CaledoDia  shaft,  where  the 
black  dike  is  last  seen  along  the  line  of  exploration  on  the  Comstock. 

The  chemical  composition  of  the  sRrface  basalt  is  given  in  Analysis  I 
(Table  IV).  It  is  somewhat  basic,  bat  in  other  respects  is  quite  similar 
to  many  of  the  basalts  of  the  Great  Basin.  The  basalt  of  the  black 
dike  from  the  Belcher  mine,  1,145  feet  below  the  surface,  yielded 
49.79  per  cent  of  silica,  the  difference  between  the  two  analyses  being 
quite  within  the  range  of  variation  tor  the  same  flow,  2Tow,  althoagh 
the  black  dike  forms  the  only  dike  of  basalt  known  in  ttie  district, 
and  its  direct  connection  with  the  small  surface  patches  has  never  been 
traced,  the  evidence  is  qaite  snfKcient  to  lead  to  the  conclusion  that  it, 
like  tbe  intrusive  bodies  of  homblende-mica-andesite,  dacite,  and  rhyo- 
lite,  is  an  oflEahoot  from  a  much  larger  mass  at  no  great  distance. 


CONCLnsiOKS. 

As  stated  in  the  first  part  of  this  paper  our  investigation  leads  as,  in 
many  important  particulars,  to  conclusions  in  respect  to  the  geological 
structure  of  the  Washoe  district  quite  at  variance  with  the  opinions 
held  by  oar  predecessors.  Throaghout  the  body  of  the  paper  we  hare 
endeavored  to  place  before  the  reader  with  considerable  detail  the  facts 
apon  which  our  opinions  were  based.  Let  us  then  in  reviewing  these 
resolts  state  in  a  few  words  what  we  consider  to  be  the  geological  his- 
tory of  Waaboe  and  the  relations  of  the  principal  rock  masses  and  in- 
tmsive  bodies  to  each  other,  and  tben  briefly  summarize  tbe  conclusions 
maintained  in  this  discossion  as  to  the  development  of  crystallization  in 
the  igneous  extrusions  which  have  built  up  this  mountain  pile. 

We  regard  the  main  mountain  mass  of  which  Mount  Davidson  is 
the  culminating  peak  to  be  formed  of  both  pyroxene-  and  hombleode- 
andesites,  of  much  the  same  ultimate  chemical  composition,  analyses 
showing  a  variation  of  only  4  per  ceut.  in  silica.  Both  these  types  of 
andesite  are  so  intunately  connected  geologically  with  each  other  as  to 
render  it  extremely  difficult  to  separate  them  on  a  basis  either  of  physi- 
cal structure  or  of  geological  age.  So  long  as  the  conditions  under 
which  hornblende  and  pyroxene  are  formed  in  lavas  of  this  class  are  so 
little  understood  it  becomes  a  difficult  matter  at  Wasboe  to  determine 
wj.th  precision  the  relations  of  andesitic  eruptions  based  solely  apon 
these  minerals.  The  fact,  however,  that  the  main  mass  of  Moaut  Da- 
xidson  is  made  up  of  coarsely  crystalline  material  originally  a  pyroxene 
rock,  and  that  tbe  section  through  the  Sutro  tunnel  after  leaving  tbe 
bomblende-mica-andesite  body  of  Mount  Bose  and  Mount  Kate  runs 
mainly  through  pyroxene-andesite,  makes  it  highly  probable  that  tbe 
(169) 
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earlier  and  larger  part  of  tbe  emption  was  composed  of  thie  rocb 
Tliroagti  this  pyroxene-andesite  borablende-andesite  is  kuoivn  to  pene- 
trate, and  observatioas  all  point  to  the  conclusion  that  venta  have  been 
opened  throQgh  which  both  types  of  rock  have  been  forced  npwards,  al- 
though not  necessarily  reaching  tbe  surface. 

After  these  eruptions  of  pyroxene  and  hornblende  andesites  there  vas 
a  period  of  rest,  during  which  there  was  more  or  less  removal  of  the  su- 
perficial material  by  denudation,  a  study  of  tbe  surface  g«o1ogy  pre- 
sentiag  many  arguments  in  &vor  of  a  time  of  comi>arative  iuactioD. 
These  older  andesitic  rocks  have  been  broken  through  by  numerous  in- 
trusive  bodies  of  both  acidic  and  basic  lavas  represented  by  hornblende- 
mica-andesites,  dacites,  rhyolites,  and  basalts.  From  masses  of  these 
later  rocks  offshoots  were  pushed  out  and  forced  upwards  into  tbe 
older  rocks,  in  many  cases  failing  to  reach  the  surface,  but  now  exposed 
by  vertical  sbaits  and  horizontal  workings. 

We  find  tbe  glassy  forms  of  these  rocks  only  on  or  near  tbe  surface. 
Bocks  from  the  tunnels  and  mining  shafts  from  any  considerable  dis- 
tance beneath  the  surface  present  invariably  a  holocrystalline  stnictm«, 
while  the  more  coarsely  crystalline  forms  come  from  near  the  central 
mass,  fivm  intrusive  dikes,  or  are  brought  up  from  the  lowest  depth 
reached  by  mining  shafts.  It  is  not  of  course  to  be  expected  that  de- 
velopment in  crystallization  should  show  an  unvarying  increase  iu  any 
given  direction  through  a  rock  mass.  On  tbe  contrary,  changing  con- 
ditions wonid  necessarily  bring  about  more  or  less  local  modifications. 
Variations  in  rapidity  of  cooling  or  amount  of  pressure  would  produce 
local  centers  of  crystallization,  with  corresponding  variations  in  rock 
structure.  Moreover  the  degree  of  crystallization  developed  iu  diSer 
ent  lavas  under  similar  conditions  appears  to  depend  upon  their  chemi- 
cal composition,  the  basic  lavas  showing  a  greater  tendency  to  crystal- 
lize than  the  acidic. 

When  weconsiderthecvidenceofferedby  tbe4mile8of  theSutrotan- 
nel,  the  vertical  sections  3,000  feet  in  depth,  and  the  network  of  long 
galleries  run  at  different  levels  from  the  main  shaft^t,  the  Innumerable 
facts,  all  pointing  in  one  way,present  such  overwhelming  proof  that  we 
are  led  to  the  conclusions  maintained  in  this  paper,  and  briefiy  summed 
up  as  follows : 

That  the  degree  of  crystallization  developed  in  igneous  rocks  is  mainly 
dependent  upon  tbe  conditions  of  beat  and  pressure  under  which  the 
mass  has  cooled  and  is  independent  of  geological  time. 

That  there  are  abundant  geological  and  petrographic  evidences  in  tbe 
Washoe  district  to  show  that  the  igneous  rocks  do  not  belong  partly  to 
Pre-Tertiary  and  partly  to  Tertiary  eruptions,  but  are  all  of  Tertjarj" 
age. 

That  tbe  so-called  granular  diorite  and  diabase,  augite-andesiteare 
identical  and  belong  to  the  same  geological  body. 
(160) 


.vGooglc 


.lAGiri  A^  luuix™,!  COKCLUStONS.  41 

That  til e  80'CuIl(Hri>ori>byntic  (liurite  in  klentical  with  boniblende- 
mtdesite  and  shoalil  be  desiKnated  by  the  latter  name. 

That  the  so-calletl  inic»-diorit«  fa  ideutical  nitb  the  latfr  bonibleude- 
andesite  and  both  rockK  are  of  tlie  Hanie  geological  age. 

Thai  the  quartz  porphyry  is  of  Tertiarj-  age  and  resolves  itself  into 
both  dacite  and  rbyolite. 

That  the  latcrdiahase  or  black  dike  and  the  h  isaltare  one  and  th.'  Kiiine 
rock,  the  difference  being  that  the  former  is  only  known  as  a  narrow 
dike  while  the  latter  occnnt  in  flat-topped  bodies  and  low  hills  on  the 
surface. 

That  the  CoDistock  lode  occupies  a  fissure  along  a  line  of  faalting 
in  rock  of  Tertiary  age,  and  cannot  be  considereil  an  a  contact  vein  l>e- 
tween  two  different  rock  masses. 

(1«1) 
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AICVKRTISKMIECITT. 
[BnUstin  Ho.  30.] 


Tba  pnbUoMlou  of  Uw  TTiilted  SUM*  G«alaEloil  Bnrre;  m  Uased  to  MoanlaDM  wtth  tba  >tata1<, 
appRi^Ml  U*nh  3, 1S79,  irhieh  deelaie*  that— 

"  The  pabUoatlinv  of  4b«  G«ok>f1ral  SnrrflJ  bIuI]  DonilBt  of  13h  Hiniul  n^OTt  of  oparttiona,  gflologloal 
and  eeoDomlo  .map*  fnnatratlzig  tb«  raaouroea  and  nliiatflraflrTTi  of  tba  landa,  BDd  mpfwta  npop  giiDoraJ 
and  acnuanio  gaology  and  paleontology.  The  *"""*J  tvport  of  opezatkau  of  Uie  Goological  Snrrvr 
■hall  aooompaliy  the  annual  report  of  the  Beoretair  of  the  Interior.  All  apeetal  nMmoln  nod  reporta 
of  aaldBarrey  ahallbalanedlBnntfiimiqnartaaellaa  14kleaned  neoeaaar;  bj  the  Dlreolor,  hut  other- 
iriae  In  oidlnar;  ootaTOa.  Three  "•""■*—'  eopiea  of  Muib  alull  be  pabUahed  fut  adentlflo  SEchaogea 
■ad  for  aale  at  the  price  of  poblleatloD ;  and  all  litem?  and  outogtsphlo  materiala  teoelTsd  la  axohaoxe 
■hall  be  the  propectf  of  the  Dulled  State*  aod  Ibimapartotthellbniyof  tharaitaiiliattan:  And  the 
laonej-  reaulting  ttma  the  *»le  of  Hioh  pnbllcBtloiia  ahall  be  oovered  Into  the  riearai;  of  the  United 
State*." 

Od  July  T,  1S82,  "tite  foUowlDg  J4^t  roaolntlon,  nferring  to  all  Qorarpment  pnblicatlon*,  waa  paaaed 


"That  whenoTer  an;  dooumeiMor  repoit  ihall  be  oideied  printed  by  Congn**,  there  ahaU  be  printed 
In  addition  to  the  nnmbei  in  each  eaae  Mated,  the  'oaual  number'  (I.MN)  of  coptea  Ibr  bludhii  and 
dlMiibntlaii  anong  thoae  entitled  to  reoelTe  them." 

CDdsT  theae  general  lava  It  will  be  aeen  that  none  of  the  Snirey  pnblloaUana  an  hmiahed  to  it  for 
KntnitoDa  diatiibntion.  The  1,000  coplea  of  the  Annual  Eeport  are  diatiibuted  through  thedoonmcat 
iMnot  of  Congnaa.  The  l,tN  eopiea  of  each  of  the  pnbUoationa  an  diatilbuled  to  the  odtecn  of  the 
l^lalatlve  and  eieonClTe  department*  and  to  dated  dapotltorie*  throughout  the  United  State*. 

Eioept,  therefoie,  In  thoae  eaeaa  where  an  extra  nnniber  of  an;  pubUcttlon  la  aappUed  to  thla  oBLoe 
by  apecial  retnlnthn  of  Congreaa,  aa  haa  been  done  In  the  caae  of  the  Seoond,  Third,  FMrth,  and  Fifth 
Annual  Beportii  or  where  a  number  haa  been  ordered  Ibr  it*  me  by  the  Seoretai;  of  the  Isteiior,  a*  to 


AMKCAL  BBPOBTS. 

Of  the  *T™"*'  Bcvon*  there  haTe  been  already  pnbllahed : 

L  FInt  Annual  Boport  to  the  Hon.  Carl  Schun,  by  Clarence  King.  ISSO.  8°.  TV  pp.  ]  rav— A, 
prdbntnary  n^ort  deaoriblnc  plan  of  orgBaiutdon  ind  pnUlcaUoD*. 

n.  Beport  of  the  XMreetor  of  the  United  State*  Oeologioal  Surrey  tbr  ISW-'B],  hy  f.  W.  FowelL 
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I.ETTER  OF  TBANSHITTAth 


United  States  Geological  Suevbt, 

DlTIBION  OP  THE  RoCKY  M0UNTAIN8, 

Denver,  Colo.,  March  1, 1885. 
Sis  :  I  have  tlie  honor  to  traDSniit  herewith  a  paper  by  Measre.  W. 
Cross,  assistant  geologist,  and  W.  F.  Hillebraud,  chemist,  representing 
■wort  that  has  been  done  by  them  in  -the  office  and  laboratory  of  this 
division,  at  intervals  of  leisure  from  their  regular  duties,  during  the 
past  three  years.  Believing  that  the  reanlts  of  their  investigations  form 
a  valuable  contribution  to  the  mineralogy  of  the  Hocky  Mounttuns,  I 
would  respectfully  saggest  that  they  be  published  in  the  form  of  a  bul- 
letin, so  that  they  may  be  made  immediately  available  to  those  inter- 
ested in  this  science. 

Very  respectfully,  your  obedient  servant, 

S.  P.  EMMONS, 
Geologist  in  Charge. 


Hon.  J.  W.  Powell, 

Direetor  United  States  Oeological  Surv^. 

(223) 


mzec^vGoOglc 


.vGooglc 


CONTENTS. 


Pica 

Letter  of  traiiBmJttftl 6 

Introdnctoty  romarka 11 

I.— Uioerkls  from  the  baaalt  of  Table  Hountain,  Qolden,  Colorado,  by  WMt- 

mao  Cross  and  W.  F.  Hillebrand 13 

Deaoription  of  Table  Hoant^u 13 

Manner  of  oconirenoeof  tbe  minerals 14 

Older  of  depoeltiOD 16 

Zeotltea.    Finrtgroap..  , IK 

General 15 

LanmoDtite 16 

Description 4 16 

Chemical  composition.... ■  16 

Mixed  Zeolites 17 

General  desaription 17 

Chemioal  oomposition 18 

Thomson  lie  spbero  lea 18 

Chemical  identification 18 

Zeolites.     Second  gronp 19 

Stilbite.    ("Detmin"OemiBn.) 19 

General i 19 

Crystal  form  and  optical  propertlea 19 

Analysis 33 

Cbabaiite 23 

General ; 23 

Chemioal  oomposition 24 

Thomsonite 24 

Oocnrrence  and  general  description 24 

Chemioal  ooropoeition 2& 

Discntaion  of  analyses.... 26 

Relation  to  "mesole" 1  26 

Analcite SI 

General  description.. ..«. . .. -.  27 

Optical  behavior 27 

Chemioal  oomposition..... 29 

ApophylUte , S» 

General  description 29 

Optical  properties 29 

Chemical  oomposition. 33 

Alteration 34 

MesoUte 35 

General  description 35 

Chemical  composition 35 

Hatrolite 36 

Description  andaualyeia 36 

Scolecite 36 

Description  and  analysis 36 


mzec^vGoOglc 


CONTENTS. 

— UineraJB  from  ttie  bault  of  T»Ue  Hoontaio,  Oold«n,  Colo.,  etc— Conf d. 
Zeolite*.     Second  gioiip — CoDttnaed. 

Levyuite ST 

General  deMiiption ^^ 37 

Chemlul  compoillioit X 

Other  miD«T»ls 3B 

Bole » 

DeeciiptioD  Andauklyais 38 

C»1cite 39 

Ooonmnca  and  dewription 39 

. — Uinerkls  from  the  noigbborhood  of  Pike's  Pe*k,  by  Whitman  CnM  vid 

W.  F.  Hillobrand 40 

Genentl M 

List  of  epeciea  known 40 

Mode  of  occurrenee 41 

Cryolite 41 

Locality 41 

Occnrrence  snd  Boaoaiktion . . . 41 

Purely  MientiBc  vaioe  of  tbediMwvery 4S 

Resent  literature  of  cr7olit«  audita  alteration pradnota 41 

General  deuriptioa 43 

Twin  atructnre , 43 

Chemical  compoaition 18 

Alteration  of  aryolite. ti 

Pachnolite 4» 

From  tiie  thin  walla 49 

From  the  blniah  maMive  alteration  piodoet SO 

CryBtallographioBl  deteiminaUone 50 

Chemical  inTestlgation SS 

Other  forms  of  paehoolite S 

Thomaenolite 56 

Oocnrrence  and  deacription.... K 

Kalatooite 66 

Probable  identification 56 

Elpaaolite,  a  new  mineral 57 

Gearkantito 58 

General  description '. ^ 

Chemical  inveati|[ation 58 

Evi^kite 61 

PrOBOplte M 

Occnrrence S 

Crystalline  form  and  phyaical  propertiea 61 

Chemical  investigation , .'. ....... 6S 

Zircon „ ft 

General  occurrence 66 

Zircon  fhim  tbe  Enreka  tunnel ..        H| 

Kaollnit« Wj 

Phonacite «! 

From  Cryatal  Park 68 

Phenacite  from  near  FlorlMaut 69j 

TopaE JO, 

CryetalPark TO 

Florissant Tl; 

Topaz  from  Deri  I'a  Head  Honntaiu IS 


.„  Google 


COKTEKTS.  9 

n.— Ufnenle  from  tli«  nsighborftood  of  Pike's  Pekfc,  eta.— Continaed. 

Appendix^ 73 

Notes  npon  llie  oeenireiice  of  topai  at  Devil'a  Head  Honatala,  by  W. 

B.8mltJi T3 

Top»i 73 

Microoline 74 

CaMiterite *     74 

Flnorite 74 

m. — On  the  lustre  exhibited  by  Baiildlne  in  certain  tbyolitee,  by  Whitman 

Hanidine  lurhyolitefrow  Chalk  Honnlain 75 

fianidine  in  rhyolite  from  Kagged  Honntain 77 

Previous  desoription  of  lustre  iu  feldepar 78 

Lostre  npon  other  eanidines ......  80 

Conclneion ......  80 

rV.~AD  unusual  occurrence  of  topaz,  by  Whitman  Cross 81 

T.—A«oeiated  nre  minerals  from  Utah,  by  W.  F.  HiUebnnd 83 

Olivenite 83 

Coniohaloite 84 

CheneTJzite. 85 

A  hydrous  cnpri-calol  Dm  arseniate 8S 

Jaiosite .... 86 

The  msBslTe  ore ■ 86 

TI. — Hiicell  a  neons  mineral  notes,  by  W.  F.  Hillebrand SB 

LdHiagite 89 

Oocnnenee 80 

Description 89 

Chemical  composition M 

Zinokenite 93 

Cowlite 95 

Httbnerite 96 

Bindheimite 97 

Eaoiinite 97 

Chemical  eompotdtion 96 

Aohromiferouspeendomorph...' 99 

Native  lead 99 

TII.—New  mineral  species  from  Colorado,  by  W,  F.  Hillebrand 100 

Zanyite 100 

Quitermaaite 10& 

A  probably  new  mineral 107 

IIjIjUSTBATIONS. 

Platb  I.  Colorado  minerals 114 

Figs.  1,  3.  Twin  etrnctore  of  stilbite. 

3.  Twin  structure  of  phillipeite. 

4,  6,  6.  Optical  anomalies  of  apophyllite. 
7,  a,  9,  10.  Twin  structure  of  cryolite. 
11.  ProBopite.    Saint  Peter's  Dome. 

IS.  Phenacite.    CrysUl  Park. 
13.  Sanidine.    Chalk  Honntain. 
14-16.  Iiilllingite.    GuoniHon  Comnty. 
n-%1.  Rhombic  aiwnides  associated  with  ISUingitfi. 
(227) 


.oogic 


mzec^vGoOglc 


CONTEIBUTIONS  TO  THE  MINERALOGY  OF  THE 
ROOKY  MODNTAINS. 


By  WHUBUlf  Obobs  and  W.  F.  ] 


XCTTBODUCTOBT  BBUABES. 

A  large  port  of  the  snbject-oiatter  contained  in  the  following  pagee 
has  already  appeared  in  print,  at  Tarions  times  dnring  the  past  four 
years,  Id  the  American  Jonmai  of  Science  or  the  Proceedings  of  the 
Colorado  Scientiflc  Society.  As  opportnnity  has  offered,  the  stodiea. . 
have  been  extended  upon  the  old  or  upon  new  and  better  material,  so 
tiiat  much  of  that  which  has  been  previously  published  is  here  presented 
in  a  revised  or  enlarged  form.  The  desirability  of  collecting  in  one 
placethe  notices  of  minerals  jfrom  the  same  general  region  has  led  to 
the  reprodaction  of  some  descriptiona  unaltered. 

The  more  purely  miueralogical  parts  of  Sections  I  and  II,  for  which 
the  first-named  author  is  chiefly  responsible,  does  not  claim  to  be  so 
tliorougli  and  exact  in  many  cases  as  the  nature  of  the  material  may 
render  desirable.  This  is  partially  explained  by  a  want  of  the  proper 
instrnmeDts  for  use  in  determining  certain  optical  and  physical  proper- 
tiee  of  the  minerals,  but  still  more  fnlly  by  the  fact  that  the  geological 
investigatioDB  in  progress  have  left  but  little  time  for  pure  mineralogy. 

In  regard  to  the  chemical  part  of  the  work  a  few  remarks  are  necessary. 
From  the  first  cstablishmeut  of  a  laboratory  in  Denver  a  special  aim  has 
been  to  make  the  analytical  work  as  thoronghly  accurate  as  x>ossible 
even  though  the  amount  accomplished  should  in  consequence  be  lessened. 
As  the  main  part  of  the  laboratory  work  consists  in  iirvestigations 
upon  emptive  rocks,  an  exact  knowledge  of  whose  composition  is  at 
present  deemed  of  great  importance,  it  was  sought  to  reduce  the  errors 
ordiuarily  incident  to  analyses  of  such  rocks  to  the  smallest  possible 
limita.  To  this  end  none  of  the  ordinary  reagents  employed  in  any  quan- 
tity are  used  without  being  first  subjected  to  careful  analysis.  If  they 
are  found  to  contain  sutBcient  impurity  to  infiuence  even  to  a  slight 
extent  the  result  of  an  analysis,  they  are  either  r^ected  altogether  or 
purified,  or  the  percentages  of  imparities  present  are  estimated  and  de- 
ducted from  each  analysis,  for  which  weighed  or  measured  quantities 
of  these  reagents  are  employed.    Thus  the  very  small  quautitios  of 
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Bflica,  ferric  oxide,  alnmisa,  Etnd  lime,  almost  inTariably  to  be  found  in 
the  purest  of  sodiam  carboDate,  in  a  meaanre  dne  to  dost  that  has  col- 
lected in  the  process  of  mann&ettire  and  packing,  and  vhich  vill  gm-' 
erailj  influence  the  resnlt  of  an  analysis  from  0.1  to  0.2  per  cent.,  are 
allowed  for.  Ammonia,  which,  after  being  Kept  in  carboy  for  some 
length  of  time,  often  contains  large  amonnta  of  silica  and  other  foreign 
matter,  ia  redistilled  and  collected  in  pare  water  every  few  weeks. 

By  taking  each  precautions  and  osing  wherever  possible  platinom 
vessels,  with  proper  care  a  high  degree  of  accoracy  is  attainable.  Es- 
pecially is  this  BO  when  no  solid  reagents  enter  into  an  analysis,  as  in 
the  case  of  zeolites,  of  which  a  large  namber  of  analyses  appear  on  eab- 
eeqnent  pages  and  ia  few  of  which  the  sum  total  of  percentages  exceeds 
100.1.  A  long  seriee  of  analyses  of  eruptive  rocks  has  been  made  in 
which,  during  the  past  two  years,  it  has  been  the  rare  exception  for  an 
analyais  to  foot  up  over  100.2. 

Without  these  explanatory  remarks  the  close  approximation  to  100 
per  cent,  shown  by  so  many  analyses  might  rather  inspire  distrust  than 
confidence. 

(230) 
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-MIKEBAXS  FBOH  THE  BASAIiT  OF  TABItIS  HOTmTAXET, 
GOIiDEN,  COIiOBAIKt.         — 


By  Weitiun  Cbobb  and  W.  F.  Hillebbamd. 


DESCEIFTION    OF    TABLE   HOUHTAIK. 

Table  Monatain  U  a  platesn  or  meta  with  an  areaoffromitoSsqaare 
miles,  sitaated  apou  the  border  of  tfan  great  plaios,  12  miles  west  <^ 
DeoTer,  approaching  so  closely  to  the  nbmptly  rising  foot-hills,  cpm- 
posed  of  Archaean  rocks,  that  the  interveniDg  space  is  not  more  than  1 
mile  in  width.  Within  this  space,  however,  are  exposed  the  optorned 
edges  of  strnta  of  the  Triassic,  Jurassic,  and  Cretaceoos  ages,  inclading 
in  the  latter  the  coal-bearing  Laramie  formation,  oU  dipping  steeply  east- 
ward. The  mountain  owes  it«  existence  to  a  sheet,  or  rather,  in  most 
places,  to  two  sheets  of  basalt,  which  have  iu  a  measure  protected  the 
underiying  soft  Tertiary  beds  from  erosion,  which  has  removed  the  up- 
turned Hesozoic  strata  to  the  west,  until  a  valley  several  hundred  feet 
deep  has  resulted,  separatiug  Table  Moantain  from  the  foot-hills.  The 
Tertiary  strata  below  the  basalt  are  horizontal,  and  seem  at  first  glance 
unconformable  with  the  Mesozoic,  but  this  is  largely  due  to  the  location 
of  the  valley  of  erosion  in  a  sharp  fold;  in  otber  places  apparent  con- 
formability  is  shown. 

Clear  Creek  issues  ftx>m  the  foot-hills  opposit«  the  mountain,  and  baa 
cut  a  gorge  directly  throngh  it,  dividing  it  into  what  are  known  as  North 
and  South  Table  Mountains,  which  have  an  average  elevation  above  the 
creek  bed  of  about  700  feet.  On  the  banks  of  the  creek  behind  the 
moantain  is  situated  the  town  of  Golden. 

The  source  of  the  basalt  is  in  certain  dikes  situated  to  the  north  and 
northwest,  whence  the  lava  spread  out  in  shee^  and  flowed  to  the  soath- 
southeast.  The  lower  sheet  averages  100  to  115  feet  iu  thickness  and 
possesses  the  structure  of  a  stream  which  has  flowed  upon  the  snrfoce. 
Adjacent  to  the  underlying  strata  is  a  layer  of  a  very  porous  stmcture 
about  1  foot  in  thickness,  then  follows  massive  compact  rock  for  70 
feet,  while  the  upper  40  to  dO  feet  show  many  cavities,  large  and  small, 
more  or  less  flattened  and  drawn  out,  and  the'  surface  is  rough  and 
jagged.  The  first  sheet  was  covered  by  a  second,  of  identical  composi- 
tion, before  erosion  or  decomposition  bad  produced  noticeable  effects. 
(231)  13 
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Of  the.Bficond  sheet  only  the  maaslTe  lower  part  remfdns,  and  its  thiek- 
neS8,  as  well  aa  the  lateral  extension  of  both  sheets,  can  only  be  a  matter 
of  copjectare.  The  rock  is  a  feldspar  basalt  of  very  simple  oompositioD, 
rather  coarsely  cryatalliue  Id  its  massive  parts,  and  in  the  porous  part 
with  a  groandmass  ichich  becomes  finer  grained  as  it  approaches  tbe  - 
contact  or  the  surface.  A  glaasy  base,  now  mnch  devitrifled,  was 
form^ly  present  in  the  porons  parts. 

In  the  cavities  of  the  upper  portion  of  the  lower  sheet  are  many  beaa- 
tifally  crystallized  zeolites,  assodated  with  oaldte  and  aragonite.  The 
mode  of  occurrence  varies  somew  bat  in  different  parts  of  the  moantain, 
and  a  few  species  seem  to  be  locally  restricted,  bnt  most  of  those  to  be 
described  can  be  foand  in  abundance  and  well  developed. 

At  a  point  on  the  sonthem  fbceof  !N'orth  Table  Mountain,  where  the 
greatest  namber  of  species  occnr  together,  tbe  students  in  tbe  Scbocd 
of  Mines  at  Golden  began  blasting  for  specimens  several  years  agow 
During  the  present  investigations  the  locality  was  still  further  opened 
and  absolutely  fresh  and  clear  material  was  obtained. 

The  only  previous  notice  of  this  mountain  is  embodied  in  the  report 
of  Arch.  B.  Marvine,  in  the  Annual  Report;  of  the  United  States  Geolog- 
ical and  Geographical  Survey  of  the  Territories  for  tbe  year  1873,  pp. 
129-131,  but  tbe  Information  given  is  exceedingly  meager  and  in  part   , 
incorrect 

The  Survey  is  indebted  to  Prof.  A.  Lakes,  of  the  School  of  Mines,  for 
calling  special  attention  to  Table  Monntaiu. 

Mammbe  of  Oootirbbnoe  of  the  MnrajBALS.— The  following  min- 
eral species  have  been  identified  in  the  cavities  of  tbe  basaltic  sheet, 
viz.:  analoite,  apophyllite,  chabazite,  levynit«,  thomsonite,  mesolite,  na- 
trolite,  scolecite,  stilbite,  laumontite,  calcite,  and  bole.  Of  the  oeeat- 
rence  of  these  species  a  few  remarks  will  be  in  place  before  prooeediog 
to  detailed  descriptions. 

Primarily  one  can  distinguish  between  the  minerals  occnrring  in  As- 
sures and  those  in  the  roundish  cavities  of  the  amygdaloidal  zone.  Od 
both  mountains  are  many  fissures  and  irregular  cavities  having  out- 
ward oommanication,  in  which  calcite,  bole,  and  reddish  seotites  am 
almost  always  deposited.  Occasionally  colorless  zeolites  {analdte  or 
natrolite)  appear  in  fissures,  but  it  is  much  more  characteristic  to  find 
them  in  the  closed  cavitjps.  On  the  other  hand  a  reddish,  horizontall; 
stratified  zeolitic  deposit  is  found  in  many  amygdaloidal  cavities,  tUliag 
the  smaller  ones  completely  or  forming  a  floor  in  the  larger  ones.  Aa 
the  minerals  developed  here  are  in  part  the  same  as  those  found  in  ad- 
jacent flssures,  and  as  these  reddish  deposits  always  precede  in  tinw 
tbe  formation  of  the  colorless  zeolites,  it  seems  probable  that  aU  the 
csvittes  containing  the  minerals  in  question  vera  formerly  penetrated 
by  fissures.  Some  such  explanation  is  necessary,  for  cavities  contain- 
ing the  reddish  zeolites  occur  side  by  side  with  those  in  which  only 
members  of  the  other  group  are  present.    In  some  few  cases,  small  fls- 
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Bnrea,  dot  filled,  were  found  leading  into  CATlttes  coDtUDing  the  strati- 
fled  deposits. 

The  zeolites  are  tbeu  natorally  divisible  into  two  groaps,  according  to 
mode  and  time  of  formation,  the  first  containing  lanmontite,  stilbite, 
and  thomsonite ;  the  second,  sdlbite  and  thomsonite,  with  all  the  other 
species  of  the  above  list  Tbey  will  be  thos  considered  in  the  following 
description. 

Obdbb  of  Deposition. — Considering  all  the  species  which  ocoar  in 
associations  allowing  inferences  as  to  relative  age,  the  following  may 
be  gtvea  as  the  order  observed,  beginning  with  the  oldest: 

1.  LanmoDtite.  ^ 

2.  Stilbite.        >  Red  or  yellowish, 
^3.  Thomsonite. ) 

4.  Calcite  (yellow). 
6.  Stilbite. 

6.  Chabazite. 

7.  Thomsonite. 

8.  Analdtfi. 

9.  Apophyllite. 

10.  Calcite  (colorless). 

11.  Mesolite. 

Chabazite  and  tbomsonit«  were  also  formed  again  in  very  small 
quantity,  probably  between  9  and  10.  Katroltte,  eoolecite,  and  levjnite 
do  not  occur  in  direct  association  with  moat  of  the  above,  so  that  their 
places  in  the  series  are  unknown. 


ZEOUTES.      riBST  ORO0P. 

Gbnesal. — The  minerals  of  this  gronp  are  best  developed  in  the 
stratified  deposits  of  the.  amygdaloidal  cavities,  -where  also  the  -order 
and  manner  of  depoaitioQ  can  most  clearly  be  seen. 

In  a  large  cavity  containing  a  floor  of  the  reddish-yellow  mixture  of 
tiie  mioerals  of  this  gronp,  it  is  at  once  noticed  that  the  roof  and  sides 
above  the  level  of  the  stratified  mass  show  no  trace  of  any  one  of  these 
species.  From  this  &ct  and  fhim  the  structure  of  the  mass  the  infer- 
ence is  warranted  that  the  formation  began  at  the  bottom  and  pro- 
ceeded very  rapidly  to  its  dose.  TJsoally  the  lower  portion  of  such 
maaaes  is  composed  of  a  reddish-yellow  mineral  in  irregnlar  grains, 
formiug  a  compact  aggregate  in  which  lie  isolated  spherules  of  a  simi- 
la^y  colored  radiate  mineral.  These  spherules  are  sddom  more  than 
2~~  in  diameter  and  are  very  perfect  spheres.  They  increase  in  num- 
l>er  upward  and  finally  compose  the  greater  part  of  the  deposit 
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Id  one  cavity,  6  to  8  feet  in  borizoutal  diameter  and  aboat  2  feet  io 
height,  the  deposit  ie  qoite  different.  Here  the  main  maes  is  loouely 
graDnlar,  aod  is  formed  chiefly  by  a  bright  greeaiah-yellow  mineral, 
while  a  stratified  appearance  is  produced  by  layers  of  a  white  or  color- 
less substance. 

Some  of  the  light  layers  are  chiefly  made  np  of  easily  recognizable 
stilbite,  and  the  same  mineral  in  distinct  tablets  forms  the  upper  layer 
of  the  whole  deposit.  There  are  atso  irregnlar  seams  of  white  munlDS 
tjiroagh  the  yellow  material. 

j-AJjasosmicB. 

Desoriptioii. — If  the  loose  sand  Arom  the  ^boTe-mentioDed  cavity 
be  placed  under  the  microscope  with  a  power  of  about  15  diameters, 
it  is  seen  to  consist  of  prismatic  grains,  mostly  with  broken  termina- 
tioos.  Many  of  the  grains  are  clear  and  transparent,  with  (he  greenish- 
yellow  color  mentioned,  while  others  are  doll.  The  clear  prisms  polarize 
strongly,  and  extinction  open  a  prismatic  plane  takes  place  at  an  angle 
of  d5°  to  40°  with  the  vertical  axis. 

On  splitting  open  some  of  the  white  layers,  surfaces  are  obtained 
showing  minnte  stoat  prismatic  crystals,  Vbich  seen  audej  the  micro- 
scope present  the  same  habit  as  the  yellow  grains.  The  prism  angles 
'  are  nearly  86°  and  94°,  and  the  termination  is  usually  formed  by  an 
oblique  plane,  like  a  hemidome  of  tbe  monoclinic  system.  The  optical 
orientation  is  the  same  as  in  the  yellow  crystals  and  corresponds  also 
to  the  requirements  of  the  monoclinic  system  so  far  as  can  be  deter- 
mined. The  properties  given  agree  with  those  of  laamontite,  and  in 
the  light  of  the  chemical  analyses  tbe  identification  of  both  yellow  and 
white  crystals  with  that  mineral  seems  entirely  justifiable. 

CBEBaoAi.  Composition.— The  analysis  gives  the  following  results; 
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Oxygen  ratios : 

EO  :  B,Oj :  SiO, :  H,0 

I.  1 :  2.97   :  7.83  :  3.60 

II.  1 :  2.94  :  8.15  :  3.81 

(In  all  calculations  of  ratios  27  is  taken  as  atomic  weight  of  At) 

These  analyses  represent  the  composition  of  air-dried  material,  Mid 

the  percentages  were  calcnlated  from  the  analyses  pablisbed  it)  the 
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American  Journal  of  Science.*  Tbe  latter  were  made  after  drying  over 
sulphnric  acid,  it  having  been  observed  th&t  at  1(MP  C.  an  unexpect- 
edly large  loss  took  place,  steadily  increasing  as  the  temperatore  rose 
above  100°.  Even  when  simply  dried  over  suJpliurie  acid  the  Ions  in 
the  case  of  I  was  0.60  per  cent.,  and  in  the  caae  of  II  was  1.45  per  cout. 
These  abnormally  large  losses,  conpled  with  still  larger  ones  observed 
snbeeqneDtly  in  analyzing  other  zeolites,  seemed  to  indicate  that  all,  or 
at  any  rate  nearly  all,  tbe  water  removed  by  snlpharic  acid  shonld  be 
coaoted  with  the  water  of  crystallization,  e8i>ecially  as  when  this  was 
done  the  oxygen  ratios  generally  more  nearly  approached  that  required 
by  theory ;  for  example,  in  II  the  ratio  for  material  dried  over  sulphuric 
acid  is  only  1  :  2.94  :  S.15  :  3.42,  instead  of  1 :  2.94 :  8.15  :  3.81  as  above 
given.  Beceut  investigations  by  Jannasch'  on  henlandite  and  epiatil- 
bite  tend  to  confirm  as  in  this  opinion. 

Tbe  ratio  of  II  agrees  fairly  well  with  the  theoretical  reqairements  of 
lanmontite,  1:3:8:4,  especially  as  it  can  hsrdly  be  snpposed  that  the 
matanal  was  absolotely  pare.  It  is  qnite  probable  that  a  small  amoout 
of  stitbite  was  iocladed  with  the  material  analyzed,  which  wonld  ex- 
plain tbe  rather  high  valae  for  SiO^ 

In  regard  to  tbe  amonnt  of  water  found  it  is  only  necessary  to  sup- 
pose that  the  dall  parijcles  have  lost  a  part  of  their  water  while  the 
transparent  grains  are  entirely  fresh  in  order  to  explain  the  relation  of 
water  to  the  other  constituents  as  shown  in  the  above  ratios,  a  soppo- 
sition  in  fall  accord  with  the  characteristic  tendency  of  laumontite  to 
loae  its  water  on  exposure. 

The  mineral  is  not  quite  so  easily  fusible  before  the  blow-pipe  as 
topical  lanmontite  shonld  be  according  to  the  text-books,  but  the  dif- 
ference is  not  snfflciently  prouoanoed  to  be  considered  abDOrmst. 

MTVl^P  ZBOLITES. 

Qbnbbal  Descbiption. — Tomisg  now  to'  the  more  compact  red- 
disb-yellow  deposits,  which  correspond  so  closely  to  the  one  described 
above,  tbe  same  constituent  minerals  were  sought  for. '  Some  small 
cracks  or  fissures  were  noticed,  usually  ending  blindly  in  the  yellow 
mass,  some  of  which  were  only  partially  filled  with  minate  white  crys- 
tals', On  splitting  tbe  mass  open  along  such  a  half-filled  crack  two 
surfaces  were  obtained,  coated  with  minate  but  exceedingly  perfect 
clear  crystals,  easily  recognizable  under  the  microscope  as  lanmontite 
and  Btilbite.  Tbe  little  crystals  of  the  former  show  occasionally  the 
clinopinacoid  and  a  steep  positive  orthodome  in  addition  to  tbe  prism 
and  base. 

'  III,  Vol  XXUI,  p.  135. 
'Neoes  Jahrbach  flir  Hineralogle,  etc,  1884,  II,  M&. 
Bull.  iiO 2  (2:J5) 
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The  sand  obtained  by  simple  fhwitore  of  the  yellow  massive  portion 
on  being  placed  nnder  the  mioroecope  ia  Been  to  consist  largely  offing- 
ments  of  tabular  crystals,  the  angles  of  which,  so  far  as  they  aie  de- 
.tenninable,  correspond  to  stilblte.  The  grains  which  are  not  evideot 
frf^ments  of  tablets  are  in  part  roaghly  prismatic,  thongh  seldim 
showing  definite  faces ;  neither  could  the  optioal  action  be  satts&otonly 
determtoed. 

OHEsaoAij  GoHPOBiiiON. — Chemical  analyses  were  made  from  two 
different  specimens  of  the  yellow  granolar  mass,  care  being  taken  to 
exclude  all  reddish  spheroles.  The  results  are  given  nnder  III  tuid  IV 
below. 


m. 
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Oxygen  ratios : 

BO:E,0,:SiO,  :H,0 
m.  1:3.01  :  10.43  :S.80 
IV.      1:3.03  :  10.42: 6.95 

Analyses  III  and  IV  were  published  in  the  American  Joomal  of  Sci- 
ence, with  this  difference,  that  they  represented  the  composition  of  dried 
material.  loasmnuh  as  III  lost  3.14  per  cent,  of  moisture  in  two  days 
over  Bolphario  acid  (no  further  loss  iu  three  days)  and  IV  1.69  per  cent 
under  similar  conditions,  the  whole  is  counted  as  water  of  crystalliza- 
tion for  the  reasons  given  in  discussing  the  analyses  of  lanmootite. 

As  will  be  seen  latei*,  pore  crystals  of  colorless  stilbite  itom  Table  ' 
Mountain  do  not  possess,  as  regards  SiO,  and  H,0,  quite  the  theoret- 
ical composition  of  that  mineral  (see  analysis  VI,  p.  — ).  If,  however, 
that  analysis  represents  the  composition  of  all  stilbite  from  this  localit;, 
these  analyses  III  and  IV  correspond  remarkably  well  to  mixtures  of 
much  stilbite  with  a  little  laumontite,  as  was  aormised  from  micro- 
Bcopical  examinatiou  of  the  material. 

It  seems  remarkable  that  the  material  from  two  different  cavities 
shonid  contain  the  two  minerals  iu  so  nearly  the  same  proportiona  as 
Is  indicated  by  the  analyses. 

THOHBONITE   SPHERHLSS. 

Chemical  Identipioaiion. — Concerning  the  reddish  spherules  no 

•data  of  importance  coqld  be  obtained  except  by  chemical  analysis. 
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Under  Y  is  given  the  composition  fonnd  for  this  sabstance  in  material 
which  waa  apparently  very  pore. 


V. 

mn. 

13.4! 

ia.7e 

100.  M 

The  oxygen  ratio  for  this  is : 

BO:K,0,:SiO,:H,0 

1:3.00  :  4.63: 2.44 

These  figures  agree  so  well  with  those  obtained  for  the  colorless 
tbomsonite  [see  page  25)  that  in  the  absence  of  anything  to  the  con- 
trary the  identity  of  the  two  substances  can  scarcely  be  doubted.  It 
was  noticed  here,  as  in  the  other  thomsouite,  that  abont  2  per  cent,  of 
the  water  conld  be  expelled  only  at  a  very  high  temperatare.  The  fer- 
ric oxide  iu  all  these  minerals  seenm  to  replace  a  portion  of  the  alumina. 

TbomaoDite  in  the  form  of  these  reddish  spherules  has  been  deposited 
locally  in  great  abundance  in  irregular  cavities  on  the  upper  surface  of 
the  lower  sheet  of  basalt  and  also  in  the  angular  spaces  formed  where 
the  scoriaceons  crnst  of  the  flow  has  been  broken  or  crumpled.  It  is 
here  deposited  alone,  f^ee  from  stilbite  and  lanmontite,  but  the  spher- 
ules are  exactly  similar  in  size  and  appearance  to  those  formed  in  the 
cavities  bdow. 


ZEOLITES.       SECOND    OBOUP. 
STILBITB  {*'DESMIN'»  6EBMAN). 

Oenesax. — As  has  been  already  mentioned,  stilbite  occurs  occasioo- 
ally  in  clear,  colorless  crystals,  as  well  as  in  the  manner  characteristic  of 
the  first  series.  It  is  noteworthy  that  in  all  such  cases  as  yet  observed 
the  clear  stJlbite  is  either  deposited  upon  the  colored  zeolites  of  the  group 
described,  or  in  close  proximity  to  them,  although  it  may  be  associated 
with  chabazite  or  clear  thomgonite,  species  having  no  such  Umitatioo, 
When  these  three  minerals  are  associated  it  is  sometimes  difficult  to 
assign  an  order  of  deposition,  as  they  seem  to  have  been  nearly  contem- 
poraoeoue.  The  tablets  of  stilbite  are  nsnally  attached  by  an  edge,  pro- 
jecting at  various  angles  fh>m  the  underiying  surface,  and  rarely  appear 
so  abundantly  as  to  form  a  crust. 

Gbystal  Fobh  and  Optical  Pbopebtibs.— The  largest  crystals 

seen  measure  about  1.5™  in  longest  diameter  and  S-S™*"  in  thickness, 
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These  crystals,  however,  are  made  up  of  several  plates,  which  are  not 
ill  exactly  coiucideot  orieotarion,  aad  their  sarfaces  are  not  very  smooth 
or  glisteaing,  from  which  causes  they  are  not  available  for  either  crj-s- 
tallographical  or  optical  studies.  For  these  purposes  only  the  miimte 
transparent  tablets  which  are  occasionally  found  intermingled  with  the 
others  could  be  nsed. 

These  tablets  have  the  usual  rhombic  symoietry  which  has  beeu  ex- 
plained by  von  Lasaulx  as  the  result  of  a  double  twinning  of  a  mono- 
clinic  gronndl'orm  isomorpbous  with  those  of  barmotome  and  pblllip- 
site,  and  according  to  the  laws  observed  in  those  species.  The  isomor- 
phism thus  pointed  out  bas  beeu  advocated  from  the  chemical  side  by 
Fresenius.^  The  Table  Mountain  stilbite  presents  some  structural  and 
optical  properties  not  fully  in  accord  with  the  statements  of  von  Lasaulx, 
aud  yet  the  material  is  not  perfect  enough  to  show  the  full  significance 
of  the  disagreement.  A  description  of  the  observed  variation  may  lead 
to  an  explanation  based  upon  the  study  of  other  and  better  material. 

Assuming  the  isomorphism  stated,  the  predominant  face  is  ooPx, 
while  GO  P  and  0  P  are  always  present,  and  +  P  qo  occasionally.  The 
front  prism  angle  was  measured  at  118°  22',  by  attaching  small  flakes 
of  mica  to  the  dull  surfaces  of  a  large  crystal,  while  approximate  meas- 
urements in  the  othodiagonal  zone  coald  be  made  under  the  microscope. 

For  optical  examination  a  number  of  small  tablets  were  mounted  iu 
balsam,  lying  upon  the  predominant  pinacoidal  fkce;  others  were 
mounted  in  the  same  position  after  a  little  grinding,  which  was  intended 
simply  to  remove  impurities  &om  the  surface.  All  exhibit  the  same 
optical  action.  The  larger  crystals  could  not  be  used  for  the  reasons 
stated  above. 

Fig.  1  of  the  plate  represents  the  structure  described  by  von  Lasanix* 
iu  crystals  examined  by  him,  the  figure  being  copied  from  his  article^ 
with  a  simple  inversion  to  correspond  with  Figs.  2-  and  3.  On  exam- 
ining a  crystal  of  tabular  form,  mounted  as  above  described,  bet\reen 
crossed  nicols,  there  appears  a  division  iuto  four  quadrants,  a  a  and  b 
b,  by  lines  passiug  through  the  centre  parallel  and  normal  to  the  cliuo- 
axis.  By  parallel  position  of  these  lines  with  the  principal  sections  of 
the  nicols  all  four  portions  appear  equally  dark,  but  the  maximum  of 
extinction  is  only  obtained  by  a  revolution  of  about  5°  from  this  posi- 
tion, for  two  diagonally  opposite  quadrants  when  the  revolution  is  to 
the  right,  for  the  other  two  when  to  the  left.  There  is  therefore  a  dif- 
ference of  aboat  IC^  in  extinction  of  adjoining  qaadrauts.  According 
to  von  Lasaulx  the  bisectrix  is  inclined  5°  to  the  clino  axis,  while  the 
optical  uorioal  makes  an  angle  of  34°  with  the  vertical  axis.  Reference 
will  be  made  to  this  point  later.  A  dititiuct  zonal  structure  pamllei  to 
the  outlines  of  OP,  aud  o)  P  is  described,  and  a  very  faint  subdivision  of 

•ZeitBohrift  fUr  Krystallograptie,  III,  42, 187a 
i"UeberdeiiDeBiniii."    Zeitschrift  filr  Krystallogrspbie,  II,  576,  1878. 
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each  quatlTaitt  by  this  zonal  stmcture  is  mentioned,  bat  it  is  distinctly 
stated  tbat  uo  corresponding  optical  division  exists.  It  ie  noted, 
boTCver,  that  in  a  given  quadrant  the  extinction  adjoining  d  maybe 
slightly  less  than  that  near  c.  Aside  from  this  di\ision  into  quadrants, 
which  is  in  agreement  with  the  supposed  symmetry  and  twinning  of 
the  mineral  as  isomorphods  with  harmotome  and  pbillipsite,  there  are 
often  fonr  other  fields,  o  c  and  d  d.  The  portious  c  o  are  diverging 
bandies  of  a  somewhat  flbroas,  colorless  mass,  prodacing  iuall  positions 
brilliant  aggregate  polarization.  The  parts  d  d  are  made  np  of  bars 
placed  perpend icn lady  to  the  line  of  0  P,  the  area  thinning  oat  wedge- 
like toward  the  ceutre.  Sections  situated  in  the  orthozone  show  coinci- 
dent extinction  throoghont,  so  that  these  irregular  aggregates  {c  and  d) 
seem  to  consist  of  stilbite  sabstance  having  at  least  the  orthoaxis  in 
common  with  the  rest-  In  all  the  many  occurrences  examined  by  von 
Lasaalx  this  division  Is  more  or  less  distinct.  The  portions  o  and  d, 
termed  by  him  "inverse  sabstance,"  in  contrast  to  the  normal  qnndrants 
a  and  b,  sometimes  predominate  largely,  while  d  at  least  is 'Occasionally 
very  sabordinate.  .With  this  action  as  given  by  von  Lasaalx  will  now 
be  compared  that  exhibited  by  the  Table  Mountain  stilbite. 

Fig.  2  represeuts  the  optical  behavior  of  a  crystal  from  Table  Monn- 
tain,  and  is  typical  of  that  in  all  examined.  It  is  in  parallel  position 
with  Fig.  1,  the  dome  +  P  «>'  being  added  while  at  one  end  is  a  repe- 
tition of  00  P  and  P  ^.  The  same  primary  divisions  are  here  seen  as 
iu  Fig.  1,  bnt  each  qaadrant,  a,  is  clearly  subdivided  when  seen  in 
polarized  light  by  the  zonal  strnctnre,  which  in  the  octants  a  and  b 
mns  parallel  to  the  outline  of  <o  P,  in  a'  and  b'  parallel  to  0  P.  The 
two  systems  meet  in  an  irregnlar  line  which  nsnally  mns  from  the 
angle  between  0  P  and  ao  P  to  the  centre  of  the  crystal.  The  bands  of 
the  tvo  systems  do  not  cross  each  other,  as  represented  in  J^lg.  1,  and 
a  very  small  but  appreciable  variation  in  optical  orientation  may  be 
seen.  The  direction  of  extinction  in  a'  and  b'  measures  about  4°  16' 
from  the  edge  of  0  P,  while  ia  a  and  b  it  is  5<^-5°  diy  fit>m  the  same 
direction.  This  corresponds  to  the  statement  of  von  Lasaalx  that 
there  seemed  to  be  in  some  cases  a  difference  between  the  extinction  of 
a  near  tbe  space  d  and  that  near  e,  the  latter  being  greater.  So  fnr 
the  action  might  be  considered  as  slightly  more  intense  than  usual, 
whereby  the  subdivision  of  the  quadrants  is  plainer.  However,  the 
position  of  the  optical  normal  as  given  by  von  Lasanlx  demands  tbat 
the  bisectrix  should  cut  the  clino  axis,  i.  e.,  the  line  of  0  P  in  the 
figure,  at  an  angle  of  about  6°  and  the  vertical  axis  at  about  56<>,  while 
the  bisectrix  in  tbe  present  case  is  incliued  6<^  to  the  clino  axis  and 
about  46°  to  the  ved^ical  axis,  the  normal  consequently  intersecting  the 
latter  at  about  ii°.  In  all  crystals  and  in  each  qaadrant  the  bisectrix 
lies  in  a  dome  which  is  steeper  than  the  basal  plane  by  about  5°,  and 
hence  truncates  tbe  angle  between  0  P  and  x  P,  bringing  tbe  optical 
normal  to  an  inclination  of  about  44°  with  tbe  vertical  axis.    The  close 
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agfreement  in  other  respects  aaggests  ttie  poesibility  th»t  the  poeitioD 
of  the  bisectrix  relative  to  the  clino  axis  may  have  been  transposed  by 
von  Lasaulx. 

The  portions  lettered  e  m  Fig.  2  correspond  in  position  and  charac- 
ter to  those  of  Fig.  ].  An  attempt  has  been  made  to  indicate  tlieir 
irregular  tbrm  and  their  relation  to  other  parts.  Usually  based  upon 
the  outline  of  Poo,  they  may  spring  from  any  part  of  the  line  ofcoP, 
and  nniverBally  run  toward  the  centre,  often  wedging  out  before  reach- 
ing it  and  never  penetrating  segments  a'  or  h'.  Farts  corresponding  (o 
d  d  in  the  Fig.  1  are  here  represented  by  a  few  bars  at  right  angles  to 
0  P,  bat,  althongh  ntbst  nnmerons  near  the  sharp  line  between  a'  and  b', 
they  do  not  appear  in  snfiBcient  quantity  to  form  a  distinct  field,  as  d  in 
Fig.  1.  These  interpositions  seem  most  probal^ly  to  be  portions  of  n' 
included  in  1/  and  vice  reria.  The  lower  part  of  Fig.  2  shows  the  ir- 
regular relation  of  b'  to  a'  in  some  cases,  the  dividing  line  being  sharp 
while  very  much  broken.  In  b',  which  Is  thas  enlarged,  are  nomerona 
interpositions  which  are  most  sharply  defined  and  apparently  thickest 
on  the  side  opposite  a',  while  thinning  out  toward  that  area.  Some 
bars  in  J/  seem  to  have  a  thin  wing-like  appendage  on  the  side  next  o'. 
The  orientation  of  these  interposed  bodies  cannot  be  definitely  ascer- 
tained, but  they  seem  to  correspond  closely  to  the  adjacent  diviaiou  of 
the  next  quadrant. 

The  areas  e  e  ofteD  contain  stripes  corresponding  to  a  uid  b  and  aim 
more  rarely  of  b'  or  a'.  Fig.  2  shows  how  each  repetition  of  coF  is 
accompanied  by  portions  which  are  banded  parallel  to  its  outline  and 
correspond  optically  to  all  other  parts  of  the  same  position.  In  some 
crystals  a  close  examination  shows  a  delicate  zonal  structure,  ptunllel 
to  that  of  a  or  b,  in  small  irregularly  shaped  partB  of  o,  and  as  these 
are  almost  always  thin  and  aoderlaid  by  substance  of  other  orientation, 
so  that  a  uoifbrm  extinction  does  not  take  place,  it  seems  quite  probable 
that  these  portions  showing  aggregate  polarization  are  made  up  of  an 
intergrowth  of  thin  flakes  of  a  and  b  with  the  ortho  axis  in  common, 
bnt  not  in  fully  coincident  position  otherwise ;  corresponding  thns  to 
the  known  tendency  of  the  mineral  in  larger  crjstals  and  which  is  char> 
acteristic  of  those  from  this  locality.  Von  Lasanix  also  suggests  thiE 
explanation,  but  thinks  the  brilliant  and  strongly  contrasted  polaiiza- 
tioD  of  parts  whose  extinction  angles  should  so  nearly  coincide  is  an- 
tagonistic The  interference  of  li^ht  in  passing  numerous  lamiofB  and 
possible  tension  arising  from  the  manner  of  intergrowth  assamed  seem, 
however,  snfBcient  to  account  for  this  strong  action. 

During  the  study  of  the  twin  structure  in  pfailliiraite,  Trippke'made 
a  section  through  the  centre  of  a  double  twin  crystal,  parallel  to  the 
clioopinacoid  of  one  of  the  simple  twins  and  obtained  thus  a  form  axr- 

'P.  Trlppke.  "Deitrtige  cur  KenntniN  der  Khlesiaalieii  Bwalte  and  ihra HiaK*l- 
hm."    BretlAii,  IBTB.    (DliMrUtion.) 
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reaponding  to  the  crystaU  of  stilbite.  Fig.  3  is  a  reprodaetaon  from  hia 
work  showliig  the  optical  division  of  the  Beotion.  Its  formal  oorre- 
spondence  with  that  described  for  stilbite  is  noteworthy.  The  segments 
o  and  b  correspond  to  a'  and  b'  of  Fig.  2,  even  to  the  interposed  bars  at 
right  angles  to  OP,  which  are  interpreted  by  Trippke  as  inclnsions  of  a 
sobfltanoe  in  b,  and  the  reverse  (loo.  cit.,  p.  39).  The  areas  c,  d',  f,  tf 
represent,  however,  foor  distinct  individuals  which  do  not  correspond 
to  a  and  b  of  Fig.  2,  except  in  form.  Likewise  the  wedge-shaped  por- 
tions a!  and  V  do  not  corrrapond  to  o  of  the  stilbite,  for  they  represent 
substance  whose  basal  plane  falls  parallel  to  oo  Fob  of  a,  and  b.  If  the 
varions  parts  of  the  stilbite  crysbils  do  possess  the  ortho  axis  in  com- 
mon, as  indicated  by  the  observations  of  von  Lasaitlz  and  by  a  single 
section  secored  parallel  to  0  P  in  a  Table  Moontaiu  crystal,  then  the 
strnctoral  correspondence  between  Figs.  2  and  3  is  meaoingless  except 
for  the  segments  based  npon  0  P.    These  are  actnal  equivalents. 

The  material  thus  far  obtained  from  Table  Mountain  does  not  permit 
of  crystallographic  roeasnrements  of  sofQcient  aconracy  to  determine 
definitely  whether  the  division  into  octants,  indicated  by  the  optical 
behavior,  can  be  traced  in  the  onter  form  or  not.  The  incomplete  re- 
sults obtained  have  been  given  in  detail  because  it  seems  probable  that 
the  material  examined  by  von  Lasanlx  does  exhibit  in  less  distinct  form 
the  same  a«tion.  It  is  hoped  that  an  attempt  to  secure  better  sp^- 
mens  from  Qolden  may  be  successful,  so  that  further  examination  may 
be  made. 

AitAiiTsis. — Pure  crystals  gave  on  analysis  the  following: 
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Oxygen  ratio : 

EO  :  B.O3 :  SiO,  :  H,0 

1 :  2.97   :  10.97  :  6.41,  instead  of 

1 :  3.00  :  12.00  :  6.00,  as  required  by  the  ordinarily  accepted 
formula. 

CHABAZITB. 

Obnebai,.— With  the  exception  of  stilbite  this  is  the  oldest  of  the 
oolorlesB  zeolites.  In  most  cases  where  several  zeolites  occor  bother 
chabazite  forms  the  lining  of  the  cavil?  and  the  others  are  deposited 
npon  it.  It  is  often  foand  alone,  however,  and  exceUent  specimens  are 
abundant. 

The  glassy  white,  or  rarely  pinkish,  crystals  have  the  nsoal  rbombo- 

hedral  form  and  the  faces  are  occasionally  as  mnch  as  V^  in  diameter. 
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The  crystals  are  Qsaally  twins  of  interpenetratioD.  In  smne  of  tte 
smaller  cavities  are  Eiobdividlng  walls  of  chabazite  or  miDlatnre  ool- 
nmns  composed  of  man;  small  crystals.  A  secooil  feneration  of  obaba- 
zite  came  after  tbomsonite  and  aualcite,  but  the  crystals  are  few  and 
very  minute. 

Cbehioal  OoMPOaiTlON.— Chemical  analynis  of  clear  eryatalB  gave 
as  follows: 
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From  the  above  analyses  It  Is  impossible  to  deduce  a  formola  strtctty 
in  accordance  with  that  of  Bammelsberg*  or  that  of  StrengJ  Assnin- 
iug  part  of  thi>  alkaline  earths  to  be  replaced  by  alkalies,  the  following 
oxygen  ratios  are  obtained : 

BO  :  A],03  :  SiO, :  H,0 
VII.  1 :  3.06  :  &57  :  6,59 
VIII.      1 :    3.04    :  8.27  :  6.47 

It  is  highly  probable  that  a  part  of  the  water  is  basic    The  presmee 
of  Btrontia  in  sncb  qaantity  is  noteworthy. 
The  material  was  not  examined  microsoopioally. 

THOMSONTTE. 

OcouBSBNCB  AND  GENERAL  DESCRIPTION. — ^This  zeolite  followed 
closely  upon  the  chabazite ;  indeed  its  earliedt  aggregates  are  bo  inti- 
mately associated  with  that  mineral  as  to  make  it  evident  that  the  depo- 
sition of  tlieone  had  begun  before  that  of  the  other  had  ended.  The 
mineral  occnrs  in  very  minate  rectangnlar  blades,  which  are  placed  npon 
each  other  like  the  leaves  of  a  closed  fan,  and  the  vety  compact  combi- 
nations of  such  aggregates  are  usually  arranged  in  a  more  or  less  dis- 
tinct radiate  manner.  Sometimes  spherical  forms  result,  iu  othercasra 
colnmns,  by  radiation  from  an  axis,  or,  less  fVeqaently,  walls,  the  blades 
standing  at  right  angles  to  t\ie  central  plane.    Where  crystals  of  yellow 

'  Zuitoofarlft  d.  D.  geol.  Gea.,  XXXYI,  3S0,  186*. 
'Beriohte  d.  oborliesR.  Oes.,  etc.,  XTI,  74,  1877. 


(242) 


■  OOglt 


1     TH0M80NITB— CHEMICAL  COMPOSITION. 


26 


caldte  were  not  covered  by  chabazite  the  tfaomBonite  has  never  failed 
to  coat  them,  the  blades  being  approximately  perpendicular  to  the  crys- 
tal faces.  When  a  lar^  sorface  of  chabazite  has  been  completely 
coated  by  the  more  or  less  radiate  aggregates  of  thomsonite,  formine  an 
andulating  snrface,  the  whole  haa  a  most  delicate  silken  lostre,  while 
that  on  a  fhictared  sorface  of  a  spherical  mass  is  more  satiu-like.  The 
aggregates  are  white  when  pore  and  single  blades  are  transparent. 

It  is  difficult  to  obtain  isolated  leaves,  and  they  are  thea  so  thin  as  to 
afiect  polarized  light  bnt  slightly,  still  it  was  definitely  determined  that 
the  direction  of  total  extinction  between  crossed  nicols  is  parallel  to  the 
longitodinal  axis.  By  examination  gf  the  ends  of  the  blades  nnder  the 
microscope  with  a  power  of  90  diameters,  it  conld  be  seen  that  the  verti- 
cal edges  were  formed  in  many  cases  by  a  plane  at  right  angles  to  the 
dominant  snr&ce.  Occasionally  a  prism  was  fonnd  with  angle  very 
near  90o,  and  In  a  few  cases  both  forms  together  were  seen.  These 
planes  correspond  to  the  macropinacoid  (dominant)  prism  and  brachy- 
pinacoid  of  thomsonite,  as  given  by  all  authorities.  The  termination 
seems  to  be  the  basal  plane.  The  average  thickness  of  these  blades  is 
aboatO  01™.  Toward  the  close  ofthe  zeolitic  formation  a  second  genera- 
tion of  thomsonite  was  deposited.  The  blades  are  in  this  caee  longer 
than  in  those  of  the  first  while  the  other  dimensions  remain  abont  the 
same.  In  combination  with  the  base  npon  the  crystals  of  this  latter 
growth  are  apparent  brachydomes,  whose  angles  with  the  base  were 
most  frequently  measnred  at  abont  145<>  or  135°. 

The  blades  of  the  second  generation,  when  deposited  upon  those  of 
the  first,  have  the  same  crystallographic  orientation  and  serve  simply 
as  prolongations  of  the  latter.  Through  the  usual  slight  yellow  tinge  of 
the  recent  growth,  the  line  between  the  two  is  clear.  The  long  blades 
of  the  second  growth  of  thomsonite  often  form  bandies  resembling  rough 
prismatic  crystals,  and  these  bundles  arranged  in  a  loosely  and  irregn- 
larly  radiate  manner  form  bunches  an  inch  or  more  in  diameter  npon 
which  the  delicate  needles  of  mesolite  have  a  special  tendency  to  de 
posit  themselves. 

The  thomsonite  of  Table  Moantain  was  first  identified  through  a  quan- 
titative analysis  by  Oarlton  H.  Hand,  at  the  time  a  student  in  the  School 
of  Mines  at  Golden.    The  analysis  was  not  published  and  has  been  lost. 

Oheuigai,  Compobitiok.— The  following  results  were  obtained  by 
the  analysis  of  difierent  specimens  of  thomsonite  from  Table  Mountain: 
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Ozygeo  ratios : 

BO:E,0,:SiO,:  H,0 
IX  1:  3.03:  4.73:   2.« 

X,  mean  ofaaDdfr 1:  3.09:4.77:   2.61 

XI,  mean  of  a  and  ft 1 :  2.98 :  4.68 :   2.31 

XII,  meanof  a  andfr-..^..!  :  3.14:6.19:   2.60 

Discussion  of  Analyses. — In  all  of  these  analyscB  the  figures  nnder 
b  denote  repeated  determinations.  Analysis  IX  was  made  upon  ma- 
terial taken  from  the  purest  and  finest  specimen  of  thomsonite  as 
yet  obtained.  Separation  from  the  underlying  thin  layer  of  uhabaEite 
was  complete.  The  material  for  X  was  also  selected  with  the  greatest 
care  &om  a  very  pure  specimen.  Imperfectly  spherical  aggregates 
were  broken  up  qaite  finely,  and  each  particle  appropriated  for  analy- 
sis was  first  closely  examined  with  a  strong  lens  in  order  to  detect  any 
trace  of  chabazite.  Thinking  it  possible  that  a  small  amount  of  chaba- 
zite  might  have  escaped  notice,  a  second  portion  of  tbomsonite  from 
the  same  specimen  was  procured  by  breaking  off  the  ends  of  the 
blades,  and  this  was  found  to  contain  41.63  per  cent,  of  SiO,  (XIII). 
A  microscopical  examination  of  this  material  showed  that  these  bladea 
of  thomaonite  contained  very  small,  irregularly  rounded  particles  im- 
bedded in  the  outer  surfaces.  These  particles,  which  are  clear  or 
slightly  yellowish,  do  not  affect  polarized  light  perceptibly  and  are  not 
crystalline  in  form.  They  are  present  in  varying  qaantity  toward  the 
termination  of  nearly  all  blades,  bat  are  usually  entirely  wanting  in 
the  lower  portions  of  all  aggregates.  In  the  material  yielding  IX  tfaey 
were  present  in  less  quantity  than  osual,  and  even  if  they  consisted  of 
pure  silica  could  have  affected  the  result  but  slightly.    ' 

Analyses  XI  and  XII  were  made  upon  substance  known  to  be  slightly 
contaminated  by  delicate  hairs  of  mesolite  which  could  not  be  fully  re- 
moved. Both  represent  tbomsonite  ftom  bunches  of  the  kind  mentioned 
above. 

Belation  to  "  Meboles." — In  the  hope  of  throwing  some  light  upon 
the  cause  of  the  difference  between  the  eompositioo  of  normal  tbom- 
sonite (oxygen  ratio  1 ;  3  :  4  :  2^)  and  the  variety  sometimes  called 
"mesole"  (oxygen  ratio  well  represented  by  those  of  the  foregoing 
analyses),  the  ratios  for  all  the  analyses  of  mesole  given  in  Dana's 
System  of  Mineralogy,  and  of  such  others  as  could  be  obtained,  were 
calculated  and  the  results  examined. 

Intermixture  of  five  silica  or  of  mesolite  has  been  generally  consid- 
ered the  cause  of  the  excess  of  silica  in  mesole.  While  the  presence 
of  either  or  both  of  these  substances  may  be  a  sufficient  explanation  in 
some  instances,  and  in  two  of  the  above  analyses  (IX  and  X)  nn. 
doubtedly  is,  to  some  extent  at  least,  a  true  one,  it  will. not  answer  for 
a  majority  of  the  published  analyses  examined.  Only  one  of  tliese,  on 
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NoTB  Scotia  material,  b;  How,  affords  a  ratio  very  near  that  farnished 
by  IX  aod  X  above. 

While  positive  proof  is  wanting  of  the  total  abgeoce  of  free  silica  in 
the  purest  of  the  Ooldea  thomsonite  analyzed,  the  most  tboroagh  mi- 
croscopical examination  failed  to  reveal  its  presence  or  that  of  any 
other  foreign  matter. 

Mesolite  cannot  be  the  disturbing  element  here,  because  in  order  to 
raise  the  silica  3  per  cent,  above  that  of  normal  thomsonite  there  would 
be  required  an  admixture  of  not  far  from  60  per  cent,  of  mesolite, 
which  amount  would  also  have  raised  the  oxygen  value  for  water.  It 
seems  indispeDsable  to  a  solution  of  this  question  that  numerous  and 
aceurate  analyses  should  be  made  of  this  variety  of  thomsonite  i^m  as 
many  loctditira  as  possible,  and  that  careful  microscopical  examination 
should  in  every  case  farnish  as  far  as  possible  a  guarantee  of  the  purity 
of  all  material  taken  for  analysis. 

ANALCITK. 

Genebai.  D£80E1pti6n. — Analcite  follows  thomsonite  in  time  of  dep- 
osition. At  the  locality  mentioned  on  N^orth  Table  Monntain  its  crys- 
tals are  pare  white  or  transparent  and  vary  in  size  from  very  small  ones 
to  those  nearly  an  iucli  in  diameter.'  The  predominating  form  is  the 
common  trapezohedron  202  having  its  octahedral  e<lge8  evenly  trun- 
cated by  |0.  The  appearance  of  fU  is  very  characteristic  of  the  Table 
])Anntain  analcite,  though  the  form  is  never  prominent  and  is  usually 
represented  by  an  exceedingly  narrow  line.  According  to  Zirkel'  the 
form  )0  has  been  observed  but  once  on  soalcire,  viz.,  by  Laspeyres 
on  that  fh>m  the  Kerguelen  Islands.  A  second  generation  of  analcite 
was  observed,  analogous  to  that  of  chabazite,  the  crystals  being  very 
small  and  clear.    They  were  deposited  upon  apophyilite. 

On  the  eastern  side  of  Korth  Table  Mountain  analcite  is  often  present 
alone,  filling  small  cavities  completely  and  developed  in  immense  crys- 
tals in  the  larger  ones,  some  being  nearly  2  Inches  in  diameter.  The 
faces  of  such  large  crystals  are  often  uneven  through  depressions  or 
other  irregularities  bounded  by  faces  of  202. 

On  South  Table  Mountain  analcite  is  more  abundant  than  any  other 
zeolite.  Large  cavities  have  a  door  of  analcite  but  always  in  quite 
small  crystals.  Natrolite  is  almost  iuvariably  deposited  upon  it  and 
frequently  small  cracks  are  filled  with  the  same  mineral  associated  with 
calcite  or  natrolite.  Analcite  was  also  found  in  spaces  betweeu  the 
pebbles  of  a  conglomerate  bed,  not  far  below  the  basalt,  the  pebbles 
being  of  basic  eroplive  rocks. 

Optical  BEEAyioa. — The  anomalous  optical   properties  of  much 
analcite  have  been  the  subject  of  careful  investigation  by  numerous 
able  mineralogists,  some  of  whom  have  sought  the  explanation  in  a  com- 
plicated twin  strnctnre  by  which  a  substance  of  lower  degree  of  sym- 
•Nanmaiui-Zirkel,  "Elemeote  dw  Mine»logi«."    Leipcig,  1881. 
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metry  may  imitate  a  higlier,  while  others  have  referred  the  phenomenon 
to  double  refraction  arising  from  inner  tension.  Since  the  ezbauBtive 
researches  of  Ben-Raude*  fev  have  opposed  the  latter  view,  according 
to  which  all  optical  action  in  analcite,  which  is  abnormal  for  a  mineral 
crystallizing  in  the  regnlar  system,  is  regarded  as  secondary  and  pro- 
daced  by  molecular  distarbances  dne  to  changes  of  temperature.  The 
nu)de  of  formation  of  the  mineral  and  the  cryst^  forms  developed  de- 
termine the  character  of  the  anomalous  action. 

In  the  preliminary  description  of  the  Ooldeu  zeolites'*  it  was  stated 
that  the  analcite  of  Table  Moontain  "  is  doubly  refractive,  but  ao  irreg- 
ularly that  it  cannot  be  well  used  in  confirmation  of  the  interesting  ob- 
servations of  Ben-Saude."  At  about  the  time  of  (bis  publication  a  suite 
of  the  Golden  zeolites  was  sent  to  Professor  Carl  Klein,  of  GSttingen, 
the  foremost  in  the  group  of  those  who  have  sought  to  explain  many 
optical  anomalies  in  crystallized  minerala  by  the  theory  of  inner  mole- 
cular tension  due  to  secondary  causes.  The  thorough  examinatioD  of 
the  Table  Mountain  analcite  by  Professor  Elein,  the  results  of  whicb 
were  published  in  the  Keues  Jahrbach  fiir  Mineralogie,  etc.  (1884, 1, 
250),  shows  that  the  above  statement  is  correct  only  for  the  larger  crys- 
tals, while  the  smaller  and  most  perfect  ones  agr^  entirely  with  the 
observations  and  condnsiqns  of  Ben-Saude.  Benewed  examination  by 
us  upon  minute  and  carefully-selected  crystals  fully  conflrms^this  testi- 
Diooy. 

Professor  Elein  also  subjected  our  material  to  investigation  in  a  direc- 
tion recently  followed  by  him  in  regard  to  many  minerals  with  eminent 
success,  particularly  in  the  cases  of  boracite"  and  lencite."  By  means 
of  an  apparatus  devised  for  the  purpose  the  effect  of  heat  upon  the  op- 
tical properties  of  a  given  mineral  can  be  observed  under  the  microsoope. 
The  application  of  this  method  of  research  to  the  Table  Mountain  anal* 
cite  enables  Professor  Elein  to  state  that  in  sections  parallel  to  <»  0  a> 
and  09  0  the  doubly  refractive  action  of  the  various  segments  into  which 
the  crystal  is  divided  becomes  less  and  less,  aud  finally  disappeatB  en- 
tirely, leaving  an  isotropic  field.  By  thin  sections  this  change  is  effected 
rapidly,  while  iu  the  thicker  ones  it  is  retarded,  and  in  some  cases  was 
not  wholly  successfnl.  These  iuvestigattons  seem  to  demonstrate  clearly 
that  analcite  is  a  regular  mineral,  whose  anomalous  optical  properties 
are  due  to  molecular  disturbances  produced  by  a  decrease  iu  tempera- 
ture from  that  prevailing  at  the  time  of  formation  of  the  mineral. 

« ■■  Ueber  den  ADalcim."  Neaea  Jahrbnch  ftlr  Himeralogie,  eta.,  18S2,  I,  41. 

■"Am.  Jonr.  SeL,  IU,  XXUI,  p.  452, 1882. 

"  Neaea  Johrbaah  fUr  Hineralogle,  etc.,  188S,  I,  235. 

"Ibid.,  1884,  11,49. 

(246) 


mzec^vGoOgle 


citon  iMD  HiLLDBiKD.]     ANALYSIS  OP  ANALCITE — ^APOPHTUJTB.  29 

Ohbuical  Oohposition. — Analyses  of  ciystals,  apparently  pare, 
which  were,  however,  oot  examined  microscopitially, gave  as  follows: 
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Oxygen  ratios: 

NatO:AliO,:SiO,:H,Q 
XIV.  1:3.03    : 8.86:2.14 
XV.  1:3.04    :8.57  :2.U 
The  excess  in  silica  and  water  is  most  probably  dae  to  presence  of 
faydrated  silica. 

APO^STI.I.rTS. 

Genbbai.  Descbiption. — This  mineral  occnrs  in  well-developed 
ciystats  of  prismatic  habit  with  ooPoo  and  P  predominating,  while  OF 
is  in  most  cases  quite  subordinate  or  wanting  entirely.  The  larger 
crystals  which  are  occasionally  half  an  inch  in  diameter,  are  often  of  a 
greenish  tinge,  sometimes  quite  pronounced,  and  possess  more  or  less 
uneven  surfaces  produced  by  a  repetition  of  the  crystal  faces,  so  that 
the  termination  is  made  np  of  a  large  number  of  small  pyramids. 

The  prismatic  surfaces  are  roughened  by  depressions  or  elevations 
bounded  by  prism  and  pyramid  planes.  This  feature  is  very  prominent 
in  all  large  crystals,  while  the  smaller  ones  are  in  contrast  sharp  and 
dear  with  smooth,  brilliant  faces.  Especially  noticeable  on  these  small 
and  clear  crystals,  though  not  peculiar  to  them,  ia  a  replacement  of  the 
pole  edge  of  the  pyramid  by  a  small  re-entering  angle  formed  by  pyramid 
&ces.  This  angle  is  nowhere  prominent,  yet  may  be  easily  identi&ed  on 
all  clear  crystals,  both  large  and  emaU.  Ko  corresponding  irregularity 
of  any  kind  could  be  detected  on  the  dimetric  prism  of  these  crystals. 

As  a  rale  the  largest  crystals  occur  in  the  small  cavities,  and  their 
growth  has  been  more  or  less  hemmed  by  the  walls,  while  the  more 
perfect  crystals  are  present  in  the  large  cavities,  and  are  usually  small 
and  nameroaa. 

Optical  Pbofebtdis. — Apophyllite  is  another  of  the  group  of  min- 
erals exhibiting  in  many  cases  an  optical  behavior  not  in  accordance 
with  the  outward  symmetry,and  the  mineral  from  Table  Moontaio shows 
this  anomalous  action  in  typical  form.  The  thorough  investigation  of 
such  minerals  having  become  within  the  past  few  years  a  work  for  the 
specialist,  with  appliances  not  at  our  disposal,  we  shall  conOne  onr- 
selves  to  a  simple  statement  of  observed  facts.  We  are  able,  however, 
to  refer  to  the  published  resalts  obtained  by  Professor  Klein  from  an 
examination  of  material  from  Table  Monntun.    Unfortunately  bat  a 
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few  small  crystals  of  this  locality  are  saitable  for  sacb  stody,  oviDg  to 
the  irregolariUes  of  form  common  to  the  larger  ones,  so  that  a  satisfac- 
tory soite  of  specimens  could  not  be  placed  at  Professor  Klein's  dis- 
posal, liis  resalts  are  contained  in  the  same  article  with  those  apon 
analcite." 

The  mere  observaLion  of  the  optical  anomalies  of  apophyllite  is  no 
difScult  matter,  provided  good  crystals  are  available,  for  the  easily-ob- 
tained sections  parallel  to  the  perfect  basal  cleavage  planes  are  most 
suitable  for  the  parpose.  It  is,  however,  a  significant  fact  that  only  the 
most  perfect  and  symmetrically  developed  crystals  exhibit  the  peculiar 
action  in  sufficiently  sipiple  form  to  permit  a  satisfactory  description. 
With  all  apparent,  and  sometimes,  it  must  be  confessed,  without  visible 
irregularities  in  form,  there  appear  variations  and  distortions  of  the 
more  regular  action  about  to  be  described. 

The  Table  Mountain  apophyllite  crystals  are  boanded  by  ao  P  od  and 
P  with  0  P  as  a  frequent  addition.  If  a  regular  crystal  of  this  form  be 
divided  into  a  number  of  sections  parallel  to  Uie  basal  cleavage  plane, 
there  will  be  small  ones  of  square  outline,  situated  in  the  pyramid  near 
the  apex;  larger  ones  of  octagonal  form  through  the  intersection  of 
both  pryamid  and  prism  *,  and  still  lower,  square  ones  again  from  the 
prism  alone.  Such  sections,  ground  to  the  desired  thinness  and  moaoted 
in  Canada  balsam,  show  the  following  peculiarities  .when  examineil  iiw 
IKtrallel  polarized  light.  TJnleBs  otherwise  stated  the  examination  takes 
place  between  crossed  nicols,  and  the  position  in  which  the  diagonals  of 
the  pyramidal  section  are  parallel  to  the  planes  of  vibration  in  the  nicols 
is  designated  as  position  A,  that  produced  by  revolving  the  crystal  sec- 
tion through  45°,  as  position  B. 

Figs.  4,  5,  and  C,  represent  the  relation  in  a  crystal  examined  and 
described  by  Professor  Klein,"  all  of  them  in  position  A.  Fig.  4  illns- 
trates  the  appearance  in  a  section  near  the  apex  of  a  crystal  having 
0  P  and  showingthe  small  re  entering  angles  above  mentioned.  In  the 
centre  is  a  dark  field,  whose  outlines  are  only  approximately  parallel  to 
those  of  the  pyramid.  The  outer  zone  is  then  divided  in  segments 
based  upon  the  four  sides,  the  opposite  pairs  having  the  same  optical 
orientation.  Fig.  5  represents  the  division  in  the  octagonal  section  cat- 
ting 00  P  oo  and  P.  The  central  field  is  here  mnch  smaller  and  the  seg- 
mentsnponPconsequently  larger.  Based  upon  %  P  coarelow  triangular 
spaces  of  still  difi'erent  optical  action.  Fig.  6  shows  the  relations  in  a 
section  of  the  same  crystal  taken  in  the  prism.  The  central  field  is 
here  very  small,  while  those  areas  corresponding  to  the  outlines  of 
00  P  cc  have  increased  very  markedly.  The  optical  behavior  of  these 
divisions  in  position  A  is  nsnally  as  follows :  The  central  field  is  nearly 
or  quite  dark,  the  sectors  based  on  outlines  of  P  are  light  and  equal, 

"Meues  Jabrbnch  ftlr  Miuenlogie,  etc.,  1884, 1, 353. 
>*  Theae  flgnrea  Mkea  &oiu  the  cited  article. 
(248) 
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wbile  tboee  apon  oo  P  oc  are  not  bomogeneoaB  in  action.  Tbe  areas 
based  npoD  F  are  optically  biaxial,  the  plane  of  the  axes  lying  Dormsl 
to  the  oatliDe  of  P  adjoining.  When  a  gypsom  plate  prodacing  red 
light  of  higher  order  is  inserted,  and  so  situated  that  the  lesser  axis  of 
elasticity  mna  from  the  npper  left-hand  to  the  lower  right-hand  qaad- 
rant,  the  blank  sectors  appear  yellow,  tbe  dotted  ones  bine,  while  the 
inner  field  has  more  or  less  perfectly  the  red  color  of  tbe  outer  field  of 
Tisioa.  The  sectors  based  apon  »  P  oo  are  nsoally  variegated  in 
color,  red,  blue,  or  yellow,  as  will  be  described  further  on.  In  position 
B  the  whole  becomes  dark  except  tbe  irregular  sectors  adjacent  to 
«  P«. 

The  statements  of  Professor  Klein  are  chiefly  directed  to  show  tb&t 
tbe  optical  properties  observed  are,  to  a  very  large  degree,  dependent 
upon  tbe  crystal  faces  developed.  Thus  the  crystal  whose  sections  are 
figured  had  a  well-developed  basal  plane,  to  which  fact  is  attribnted 
tbe  presence  of  the  central  field,  while  the  decrease  in  size,  as  the  sec* 
tions  are  taken  deeper  in  tbe  crystal,  corresponds  to  the  distance  from 
0  P.  He  states  tbat  in  a  crystal  without  a  basal  plane  tbe  central  field 
is  wanting.  The  appearance  of  the  prism  oo  P  oo  as  a  boundary  of  a 
section  is  accompanied  by  tbe  appearance  of  tbe  low  triangular  spaces 
of  irregular  optical  behavior.  '  Tbe  biaxial  fields  seem  definitely  related 
to  tbe  outlines  of  P. 

The  examination  of  several  crystals  Vith  reference  to  this  relationship 
between  onter  form  and  optical  action  has  shown  us  that  any  general- 
ization with  regard  to  0  P  and  the  central  field  is  impracticable.  In 
several  crystals  showing  no  base  at  all  tbe  dark  central  field  is  pres- 
ent, in  one  case  being  l»rge  near  the  apex  and  very  small  in  the  prism; 
in  another  case  the  reverse ;  also  in  crystals  with  0  F  developed  this 
field  is  sometimes  smallest  near  that  plane,  and  again  it  does  not  vary 
materially  in  size  from  the  pyramid  to  tbe  prism.  .  In  no  case,  however, 
hasthe prism  oo  P  ooappearedasaboundaryofasection,withoutan  ad- 
jacent field  in  which  tbe  action  is  often  complex,  the  complexity  increas- 
ing as  the  section  la  taken  lower  in  the  crystal.  Ko  sector  in  this  posi- 
tion has  ever  been  seen  independent  of  the  development  of  oo  P  oc. 

Tbe  figures  of  Professor  Klein  are  intended  to  illustrate  tbe  most  reg- 
ular action  observed,  and  it  is  quite  natural  to  assnme  tbat  this  simple 
relation  of  optically  difTerent  parts  is  largely  dependent  upon  the  regu- 
larity in  tbe  development  of  tbe  crystal  form.  The  deviations  from  this 
simple  relation  and  action  of  individual  parts  have  never  been  fully  de- 
scribed, bat  in  the  series  of  sections  we  have  examined  these  variations 
are  very  numerous  and  seem  quite  as  important  in  considering  the  cause 
of  the  optical  phenomena  as  tbe  more  regular  condition  occasionally 
seen. 

The  central  core  is  very  variable  in  form.    Within  a  given  crystal  it 

often  changes  perceptibly  from  section  to  section  either  in  size  or  in 

outline.    Ab  has  been  stated,  it  may  be  largest  near  the  apex  of  tb^ 
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cryatal  (whether  0  P  is  dev^oped  or  not)  and  steadily  decreaBe  in  wze 
downwards,  or  its  apex  may  be  in  that  of  the  pyramid,  and  in  some 
cases  it  rans  as  an  inner  prism  throagh  the  whole  observed  part  of  the 
crystal.  Its  section  is  but  rarely  sgnare,  although  rectAngnlar  in  mcay 
cases,  and  this  variation  has  no  obaenrsble  relation  with  the  prominenoe 
of  adjacent  pyramid  faces.  The  more  perfectly  rectangnlar  its  outline 
the  sharper  its  bonndariea  are,  and  the  more  bomogeneons  its  optical 
action.  Variations  from  the  rectangle  are  produced  by  broken  side-lines, 
by  the  deviation  of  its  angles  from  90°,  and  by  an  Jncrease  in  size  nntil 
it  can  no  longer  be  inscribed  within  the  prism  oo  P  oo .  With  all  such 
irregularities  are  combined  distnrbnncee  in  the  optical  action  of  the 
centre.  In  the  simpler  instances,  by  position  A  the  field  is  not  wholly 
dark  and  several  faint  black  crosses  are  seen  whose  arms  are  parallel 
to  the  diagonals  of  the  pyramid,  and  revolve  with  the  section,  disap- 
pearing more  or  less  completely  in  position  B.  These  arms  rarely  ixosa 
each  other  at  exactly  9<P,  and  especially  where  the  side  lines  of  the 
rectangle  are  broken  the  field  is  divided  into  nnmerous  irregular  areas, 
each  having  by  position  A  a  black  cross  whose  arms  may  join  at  any 
angle.  These  revolve  with  the  section  and  either  disappear  or  become 
less  distinct  by  position  B.  In  one  section  the  optical  division  is  quite 
regular,  in  that  by  position  A  the  field  is  composed  of  a  mosaic  of  light 
and  dark  sqoares  or  rectangular  blocks,  whose  sides  are  parallel  to  the 
outlines  of  the  prism  od  F  %.  In  position  B  the  same  structure  is  vis- 
ible with  the  dark  squares  as  the  light  ones.  The  lighter  areas  are 
very  foint  and  shade  off  into  the  darker  ones.  With  the  insertion  of 
the  gypsum  plate  the  place  of  the  black  cross  is  sometimes  indicated  by 
bushy  indistinct  blue  and  yellow  arms,  normal  respectively  to  the  ad- 
jacent blue  and  yellow  segments  on  the  outlines  of  P.  In  two  or  three 
cases  one  side  of  the  central  field  is  absent,  and  there  is  a  gradual  shad- 
ing fiflm  the  adjoining  sector  into  the  area  of  the  centre.  Theopposite 
side  of  the  field  is  very  sharp  and  clear  in  such  instances.  By  asing 
the  gypsum  plate  the  change  is  very  distinct,  from  the  normal  red  next 
to  the  sharp  oatline,  by  transition  shades  out  to  the  distinct  yellow  or 
bine  of  the  sector. 

The  segments  based  upon  F  are  much  less  subject  to  variation  than 
the  central  field.  They  are  always  present  and  nsnally  prominent. 
^Normally  they  appear  equally  light  in  position  A,  bat  opposite  pairs 
differ  in  intensity  upon  a  slight  revelation,  and  are  wholly  dark  in  po- 
sition B.  On  insertion  of  the  gypsnm  plate,  in  position  A,  one  pair  ap- 
pears blue,  the  other  orange-yellow.  In  regular  crystals  the  dark  lines 
which  separate  them  run  ftvm  the  angles  of  the  pyramid,  or  normal  to 
00  P  00  if  its  faces  are  developed,  to  the  angles  of  the  central  field,  as 
in  Figs.  4, 5,  and  6.  Ifthe  inner  field  is  not  regular,  these  lines  mast  bend 
to  meet  the  angles,  and  in  fact  they  are  often  wholly  irregular  curved  or 
broken  lines,  neither  normal  to  each  other  nor  to  theoutlinpofoo  Pod. 
An  optical  variation  of  these  segments  is  frequent,  in  that  the  outer 
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portions  or  a  broad  band  throngli  the  centre,  parallel  to  the  ootiine  of 
P,  in  mnoh  lighter  than  that  portion  near  the  central  field.  If  the  gyp- 
earn  plate  is  inserted  the  color  of  the  lighter  parts  is  purer  bine  or  yel- 
lov,  and  shades  off  into  reddish  hoes  toward  the  red  centre.  In  position 
A  indistinct  dark  flgnres  are  sometimes  seen,  and  these  nsnally  spring 
from  n  point  on  the  snrfoce  or  fh>m  the  angles  of  the  central  field. 
Fissures  when  present  commonly  fhmish  a  number  of  centres  for  sntdi 
distiirbuDces. 

Finally,  the  areas  based  npon  cc  P  oc  are  quite  variable  both  in  form 
and  behavior.  They  are  sometimes  very  low,  perfect  triangles,  and  in 
such  cases  their  action  is  often  simple.  In  position  A  they  are  dark, 
in  B  light.  With  the  gypenm  plate  inserted  they  are  red  in  position 
A,  while  in  B  opposite  pairs  are  respecdrely  blue  or  yellow,  as  with  the 
pyramidal  segments  in  the  former  position.  When  complex  tbey  god- 
flist  chiefly  of  lamiiuB  parallel  to  oo  P  od.  In  position  B,  with  gypsum 
plate,  a  part  of  these  laminte  appear  red,  the  remainder  blue  or  yellow. 

The  simple  recital  of  the  optical  variations  observed  seems  sufficient 
to  deter  any  one  from  an  attempt  to  explain  the  anomalous  action  of 
(^wphyllite  on  a  theory  of  complex  twinning.  The  insensible  gradations 
and  shadings  between  all  strnctnres  and  optical  conditions  seen,  ue 
mnch  more  characteristic  of  the  phenomena  due  to  unequal  tension  or 
pressure  in  glass  and  colloidal  substances,  than  of  any  oomplex  twlnnlog 
definitely  known  in  a  mineral. 

CHuaoAi.  OoMPOBiTiON. — In  chemical  composition  this  apopbyllito 
is  qnite  normal,  the  fresh  substance  yielding  the  following: 
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Oonsidering  all  potasslam  and  sodium  as  combined  irith  fluorine,  tbe 
Allowing  oxygen  ratio  Is  afforded: 

B0:8iO|:H|0 

1:3.95  :2.10 

The  theoretical  ratio  l':4:2  would  be  still  nearer  approached  were 

it  not  for  a  probable  slight  loss  of  silica  and  excess  of  water,  scarcely 

to  be  avoided  in  analyses  of  silicates  containing  fluorine.    The  FeiOj 

is  undoubtedly  owing  to  minute  particles  of  limonit«  which  could 

not  be  completely  removed.    The  AljOs  is  much  higher  than  in  most 

■Bnll.  20 3  (210.) 
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analyses,  and  tite  condition  in  vhioh  it  is  present  seeme  andetermino- 
ble. 

Alteration. — The  Table  Monutain  apophyllite  is  ft«qnentty  subject 
to  alteration  in  a  peonliar  manner,  wliioh  is,  so  far  as  we  can  asontain, 
different  from  anytbiDg  previously  observed  for  that  miners.  By  tbia 
alteration  a  pearly-,white,  very  fluelyfoliate  sabstanoe  is  prodaoed  in 
tbe  basal  cleavage  fissures  of  the  apopbyllite.  The  decompoeitioa  begina 
at  tlie  surface  and  progresses  inward,  tbe  ttakes  of  tlie  newly-formed 
substance  lying  parallel  to  the  cleavage  planes.  Some  orystals  which 
are  outwardly  snowy  white,  show  perfectly  fresh  suiMtaooe  within. 
When  the  outer  surface  of  an  altered  crystal  is  dull  tbe  res^nblance  !» 
albine  is  marked,  bat  on  fraotaring  snch  a  crystal  the  distinct  foliatJoa 
and  Instre  show  the  differeut  nature  of  this  substance. 

Ab  more  or  less  apophyllite  is  nsaally  mixed  with  the  alteration  pro- 
dnot  it  was  quite  diCBoolt  to  ascertain  its  chemical  composition.  Ma- 
terial apparently  very  pure  was  finally  obtained  from  the  specimen  in 
which  the  decomposition  was  most  advanced,  by  treatment  in  the  fol- 
lowing manner:  The  finely-powd^%d  sabstance  was  stirred  ap  in  water, 
and  the  finer  portions  were  poured  off  from  the  heavier  impurities;  the 
material  suspended  in  tbe  water  was  allowed  to  settle,  the  clear  liquid  wa» 
decanted,  and  the  residue  evaporated,  accidentally  quite  to  dryness.  It 
havliig  been  found  that  the  air-dried  material  lost  several  per  oent.  of 
water  over  sulphuric  acid,  it  was  certain  that  some  loss  had  been  oooa- 
aioned  by  drying  on  the  bath  j  henoe  the  drying  was  completed  at  100° 
O.,  and  the  following  analysis  Vas  then  made: 
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Tb^  FewOj  oomes  fhim  certain  reddish  flakes  which  could  not  be  a^K 
arated.  Tbe  HiO  is,  fhjm  reasons  above  given,  mooh  too  low,  and  tbft 
other  figures  are  consequently  too  high. 

ITegieoting  F^Oj  and  H,0  the  following  oxygen  ratio  is  obtained: 

BO  :  A1,0. :  SiO, 
1:1.86    :  16.66 

from  whioh  no  satisfiiotory  formula  is  dedudble. 
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It  U  plain  that  this  alteradoa  prodaot  baa  nothing  in  common  with 
albioe  except  the  color,  Knop  "  baTinir  proved,  for  maoy  oases  at  least,, 
that  the  latter  snbstaoce  is  chiefly  caloite. 

MlficK>l.IT». 

OsNBBAL  Desobiptioii. — ^Hesoljteis  the  lastof  the  minerals  deposited 
at  the  localitj  on  North  Table  Monntain  where  all  of  the  species  thus 
&r  described  occur  so  often  together  that  their  order  of  sncceasion  is 
plain.  The  mineral  appears  uniformly  in  masseB  composed  of  exceed- 
ingly delicate  needles  loosely  grouped  together,  very  mnoh  like  the 
Bpicnles  of  a  fine  sponge.  Sach  light  aggregates  freqaentiy  fill  the 
smaller  cavities  entirely.  In  the  larger  ones  the  baaes  of  the  rounded 
bunches,  1  to  2  inches  in  diameter,  often  touch  each  other.  The 
very  latest  deposition,  the  finishing  touch  so  to  speak,  is  a  thin  film 
coating  the  whole  mass.  This  ia  sometimes  a  oontinnoos  membrane, 
and  in  other  cases  more  like  a  thick  cobweb.  The  exquisite  delicaoy  of 
some  of  these  films  Is  quite  wonderful.  In  rare  cases  bunches  on  the 
upper  and  lower  walls  of  a  cavity  are  united  by  aaoh  a  membrane. 
Single  needles  are  clear,  bnt  the  aggregate  appears  pore  white. 

As  was  mentioned  nnder  thomsonite,  the  loose  aggregates  of  the 
second  generation  of  that  mineral  seem  specially  suited  to  attract  the 
deposition  of  mesolite. 

N^one  of  the  mesolite  needles  are  large  enough  to  allow  any  determi- 
nation of  their  crystal  form,  even  qnder  the  microscope  at  a  high  power. 
They  seem  simply  like  very  fine  transparent  hairs. 

Ohehioil  Composition. — The  identification  as  mesolite  rests  upon 
the  following  chemical  analysis: 
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Oxygen  ratio : 
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If  mesolite  be  considered  as  a  mixture  of  the  isomorphpns  silicates  con- 
tained insoolecite  (OaAliSijOu-l-S  aq)  and  natrolite (Xa, Al,8ij0i(+2  aq), 
the  present  oocnrrenoe  would  answer  very  nearly  to  the  reqnlrementa 
of  the  combination  of  2  of  scotecite  +  1  of  natrolite,  the  peroentage  of 
which  would  be:  SiO,  46.32,  A1,0.  26.ti),  CaO  9.61,  S&fi  5.32,  %0 
12.36=100.00. 

■•In  Blum,  DiApiondomoiphoMn,  etc.;  Diitter NMshtrac,  1633,  p.  41. 

laB)  „  ,      


d6  HINEBALOQT  OF  THE  ROCKY  MOUNTAINS.  [Bou-ia. 

NATBOUTB. 

D^OBIPTON  AM>  ANAJ.TBIB.— Natrolite  ocoara  much  leas  abnn- 
dantly  than  any  of  the  species  thus  far  described^  and  seems  to  be  re 
stricted  locally  to  the  Dortltem  part  of  South  Table  Mountain,  It  usu- 
ally appears  in  delicate  prisms  sparingly  deposited  upon  analoite  or 
associated  with  that  mineral  iu  fissures.  It  has  also  been  observed  upon 
yellow  calcite,  chabazite,  and  thomsonite. 

The  crystals  show  only  ao  F  and  P ;  they  extinguish  light  exactly  par- 
allel to  the  prism,  and  are  therefore  of  the  normal  rhombic  type.  The 
microscope  shows  many  crystals  to  be  partially  oosted  with  calotte,  which 
explains  the  presence  of  CaOOs  Id  the  following  analysis  of  the  needles: 


XIX.  I 

(W.F.HUlebnvd.) 

10.  .«| 

tC^eoMtd  far  toMl  CaO. 
There  being  mnch  less 'than  half  a  gram  of  material  at  disposal  tor 
analysis,  no  attempt  at  a  direct  water  determination  was  made.  Oo 
treating  with  acid  there  was  a  strong  effervescence  of  00,;  thwefore  in 
calculating  the  following  oxygen  ratio  the  OaO  was  assnmed  to  be 
present  entirely  as  OaCOj. 
Oxygen  ratio : 

Na,0  :  A1,0, :  SiO, :  H.0 

0.98  :      3.02  :  B.OO  :  1.85 

A  Study  of  the  ratiq  time  thus  obtained,  however,  renders  it  probable 

that  a  small  part  of  the  CaU  was  combined  with  silica,  in  which  case  the 

09]  would  be  less  and  the  H,0  consequently  higher,  bringing  the  ratio 

etill  nearer  to  the  theoretioal  1:3:6:2. 

SCOIiBClTB.    ' 

UbsobiptioK  AKD  Analysis. — Scolecite  occars  sparingly  in  a  EOne 
Just  above  that  containing  a  great  number  of  the  zeolites.  It  appears 
in  small  spheres  or  segments  of  spheres  with  a  radiate  strootore,  and 
greatly  resembles  thomsonite,  thoagh  easily  distinguished  by  the  brill- 
iant white  color  and  satin-like  lustre.  Toward  the  centre  of  the  aggre- 
gates there  is  ofi;^n  a  greenish  color. 

The  mineral  only  occurs  in  very  small  cavities,  which  are  often  en- 
tirely filled  by  it  and  seldom  contain  any  other  zeolite.  Minate  tablets 
of  bxown  mica  which  are  coated,  as  are  the  walls  of  the  oavity,  by  a 
lavender-colored  material,  usually  appear  as  the  only  associates  of  the 
scolecite.  It  occurs  also  in  some  cases  with  the  next  speciee  to  be  de- 
scribed. Ohabazite  and  thomsonite  may  occur  in  larger  cavities  directly 
(2M) 
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a4)&oci'''  to  emaller  ones  oontainiog  scolecite,  bat  th^  have  never  been 
fonnd  witii  tlie  latter. 

the  mioeral  gelatiniEes  on  treatnieDt  wiih  hydroolilorio  aoid  and 
■waa  fbond  to  have  the  folioving  oompositioD : 


l-l 

:{SS 

tW.T.miUbnai.1 

No  attempt  at  a  direct  water  determinatioD  was  made,  owing  to  the 
•mall  amoant  of  poie  material  available. 

Oxygen  ratio : 

EO:  A1,0,:  SiO,:H,0 
1 :  3.02     :  6.23  :  3.26 

It  waa  impossible  to  flree  the  mineral  entirely  iirom  attaohed  limonlte 
and  an  inaolable  silicate,  which  probably  accounte  Ibr  the  high  yalaea 
for  SiO,  and  H,0  in  the  oxygen  ratla  The  agreement  with  the  theo- 
retical ratio  1 :  3 :  6  :  3,  is,  in  any  case,  close  enough  to  establish  the 
identity  of  the  mineral  as  scolecite. 

I.SVXM1TJE. 

General  Dbsobjption. — To  the  species  levynito  is  referred  a  min- 
eral occaning  very  sparingly  in  small  cavities  side  by  side  with  those 
containing  scolecite,  although  the  two  have  never  been  observed  to- 
gether. When  bat  partially  flUiiig  the  cavity,  white  or  colorless  tabn- 
Iw  crystals  are  developed,  which  resemble  very  closely  the  form  asnally 
given  as  characteristic  of  lovynite.  Beferring  to  the  fignres  of  Dana 
or  Kanmann-Zirbel,  and  adopting  the  groand  form  of  the  latter,  the 
Table  Moantain  crystals  are  formed  of  twins  of  interpenetration  pro- 
ducing hexagonal  tablets  with  0  B  and  B  as  the  chief  faces,  the  re- 
entering angle  formed  by — JB  being  seldom  distinct.  B  is  always 
striated,  often  coarsely,  parallel  to  the  combination  edge  with  —  ^  B. 

The  faces  of  B  aod  I)  B  are  not  smooth  enoagh  to  allow  of  good  re- 
flections, hence  the  following  measurements  are  not  very  exact.,  althoogh 
snfBciently  so  to  prove  the  identity  in  crystal  form  with  levynite: 


BASJhai.) ia»w  I 

OBaET, IITOM'  1 

SA— IB 130"  » 
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■  The  Ci78tal8  are  attaofaed  by  an  edge,  aboat  hait  of  the  fall  crystal 
being  developed  free.  They  are  eztreoiely  brittle,  and  fracture  very 
eaaily  at  right  aagles  to  the  horizontal  edge  of  B,  t.  e.,  puallel  to  oi  P  2, 
BO  that  material  enitable  for  optical  observation  oonld  not  be  obtained. 

Associated  with  thelerynite  in  some  cavities  or  appearing  iodepend- 
ently  in  at^oining  ones,  ia  a  fibrous  mineral,  dull  white  in  color  and 
never  showing  ta^stal  faces.  As  seen  below  it  is  practically  identioal 
with  the  levynite  in  composition,  although  so  different  in  formal  devel- 
opment.    It  cannot  be  referred  to  any  definite  Hpecies  trom  present  data, 

OhbuiCjLL  Compobitioh. — Analysis  of  the  pure  crystals  of  levynita 
gave  XXI,  while  the  allied  sabstance  bas  the  compositiou  XXII : 


-;:-;; 

..   M.Te 

XZIL 
W.BT 

ii.n 
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1    M.M 
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Oxygen  ratios : 


RO:K,0,:3iO,:H,0 
XXT.  1 : 2.90  :  7.01  : 4.66 
XXII.   1 : 3.01  :  7.16  :  4.58 


Tbn  water  tost  in  drying  bas  been  inclnded  in  the  oxygen  ratios,  fi>r 
the  reasons  given  under  laumoutite.    The  ratios  for  dried  material  an : 
XSI.    1 ;  2.90 :  7.01 : 4.03 
XXII.    1:3.01:7.16:3.94 


OTH^R  HINEUAm. 


DsBOBiPTIon  AND  ANAI.YSIS.— In  mauy  irregular  cavities  in  the  soo- 
riaoeoua  omst  of  the  lower  sheet,  and  especially  noticeable  at  about  the 
centre  of  the  northern  face  of  South  Table  Monntain,  ia  a  dark  brown  day 
which  probably  comes  nnder  the  above  bead.  It  is  very  dense  and  ap- 
parently homogeneona,  and  has  the  peculiar  fractore  characteristic  of 
aneb  maaaes.  Placed  in  water  it  foils  apart  without  decrepitation.  It 
ia  often  aaaociated  intimately  with  a  brown  massive  calcite,  and  iu  other 
cases  it  alone  fllla  cavitiea  completely.  Two  specimens,  one  of  a  light 
(XXIY),  the  other  of  a  dark  brown  color  (XXIII),  were  enhjected  to 
analyais. 
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From  theae  reeolts  no  Hatisfactory  ratio  or  formala  can  be  dedaoed. 
They  probably  represent  miztores  of  different  hydrons  silicates. 


OoOtJSBXNOB  ADD  Dbscsiption. — The  carbonate  of  calcium  has  had 
three  periods  of  depositioii  io  the  basaltic  cavities  of  Table  Uountain, 
trro  as  calcite  and  one  as  aragonite.  In  the  form  of  wine-yellow  orys- 
tals  it  preceded  even  cbabazite,  being  in  all  obaerred  cases  deposited 
directly  on  the  basalt  and  coated  nsnally  by  chabaeite  or  thomsonite. 
It  is  rarely  foond  in  those  cavities  to  which  water  has  had  access  throagh 
fissnres,  having  been  dissolved.  The  second  deposit  of  calcite  came 
after  apopbyllite.  These  crystals  are  colorless  or  slightly  straw-yellow, 
and  the  form  of  botdi  varieties  is  commonly  that  of  a  sharp  scalenobe- 
dron  terminated  by  a  low  rhombohedron. 

The  aragonite  is  present  only  as  a*  snow-white  incrnstation,  appar- 
ently with  a  special  tendency  to  deposition  npon  cbabasite,  thoagh  often 
noticed  upon  apophylIit«  and  thomsonite.  It  was  next  to  the  last  min- 
eral deposited,  only  meaolite  having  been  observed  upon  It. 

The  brown  calcite  mentioned  as  associated  with  bole  is  never  present 
in  the  zeolitio  cavities. 
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By  WnrryAN  Cnoes  &nd  W.  F.  Hillebkakd. 


The  name  of  Pike^  Peak  baa  become  veil  known  tbe  Vorid  over  id 
oonneotioD  with  the  large  and  perfect  orjrBtals  of  Atnazon  stone  (micro- 
cline)  which  have  foand  their  way  into  almost  every  mineral  oollection 
of  importance,  and  yet  the  stronger  who  ascends  the  mountain  from 
If  adtoa  may  see  no  sign  of  that  or  of  any  other  of  the  unmerons  ape- 
dee  accredited  in  a  general  way  to  the  region.  It  may  be  well,  there- 
fore, to  prefEtoe  this  deacription  with  a  few  remarks  concerning  the  mode 
of  oooarrence  and  the  distribntfon  of  the  Pike's  Peak  minerals. 

The  mountain  proper  rises  to  a  heiglit  of  14,147  feet,  and  is  snr- 
rounded  by  many  lesser  peaks  which  reach  10,000  feet.  The  same 
coarse  reddish  granite  which  forms  the  greater  part  of  all  these  points 
extends  in  a  northerly  direction  for  at  least  35  miles.  Owing  to  a  lack 
of  gold  and  silver  bearing  ores  the  granitic  formation  has  not  been  tbor. 
onghly  explored,  the  region  is  nninfaabited,  excepting  on  certain  routes 
of  travel,  and  the  great  majority  of  the  moantains  and  streams  are 
unnamed.  Hence  it  is  that  minerals  found  in  nuuiy  remote  spots  are 
afterwards  labelled  simply  as  from  Pike's  Peak.  For  many  of  the  spe- 
cies the  inaccuracy  is  animportant,  as  thronghont  the  entite  granitic 
area  some  of  them  are  surely  to  be  found  upon  searoh. 

LiBT  OF  Spboieb  Known. — Up  to  the  year  1882  the  following  miu- 
erals  had  been  identified  with  certainty,  viz. :  Microdine,  albite,  biotit«, 
mnsoovite,  qaartz  (smoky  and  dear),  flnorite,  oolnmbite,  gothJte,  hema- 
tite and  limonite  (psendomorph  after  siderite),  arfVedsonite,  astrophyl- 
lite,  zircon,  baetnasite,  and  tyscimt«.  The  species  described  in  tMs 
artide  have  been  identified  by  as  since  that  time,  vis:  topaz,  phenadtu, 
kaohnite,  cryolite,  pachnolite,  thomsenolite,  gearksntite,  ralstonite(t), 
prosopite,  and  elpasolita 

Another  series  of  minerals  now  in  the  course  of  investigation  em- 
braces several  salts  of  cerium,  yttrium,  etc.,  belonging  to  species  not  as 
yet  Ihlly  determined,  although  xenotime  and  yttrotautalite  are  probably 
present.    Oasttiterite  also  ooonrs  in  small  quantity.    (Bee  p.  74.) 
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MoDB  OF  Ocottsbenoe:. — The  reddieb  granite  of  the  region  beloogs 
to  a  t;pe  common  in  tlie  Colorado  range  of  the  SMeky  Mountaiiis,  and 
is  supposed  to  be  a  part  of  tiie  Archseau  formation.  It  oouaists  of  a 
largely  predominaiit  reddish  feldspar,  to  which  tu«  added  brilliatit 
blaok  biotite  and  quarts,  the  latter  sobordiQate,  and  ocoairiug  in  small 
grains.  The  feldspar  ooDsists  largely  of  an  intergrowth  of  orthoclase 
and  albite,  somewhat  after  the  manner  of  pertbice. 

Tbronghont  the  granite  body,  thongh  mach  more  abundant  in  some 
places  than  in  others,  are  dmsy  oavities  or  "  pockets  "  of  very  variable 
size,  and  often  distorted  by  movemeuta  of  the  rook  mass.  Lining  then 
dmse^  or  entirely  filling  them  in  some  cases,  are  crystals  of  feldspar 
and  smoky  qoartE,  in  the  first  degree,  with  fluorite,  topaz,  phenaoite, 
zircon,  gSthite,  hemataite,  luad  limonite,  as  more  or  less  constant  com- 
panioaa. 

The  granite  disintegrates  rapidly  tbrongh  tlie  action  of  the  weather 
into  a  coarse,  gravel-like  mass,  and  many  of  the  moontaiu  slopes  are 
covered  by  sach  matoial,  with  solid  rock  appearing  here  and  there.  On 
finding  iragmenta  of  crystal  in  the  dSbrit  tiie  prospector  for  minerals, 
with  pick  and  shovel  in  band,  endeavors  to  find  the  original  cavity  from 
which  the  fragments  came.  'Jae  of  these  druses  has  been  known  to 
yield  more  than  a  ton  of  crystallized  specimens  of  Amazon  stone,  smoky 
quartz,  etc 

Vein-like  masses,  composed  chiefly  of  white  quaitz  and  reddish  mi- 
crooline,  are  also  locally  abundant,  and  in  thoi^e  are  sometimes  found 
small  masses  of  cryolite  and  its  alteration  products,  with  zircon,  astro- 
pfayllite,  and  colambite  as  observed  associates. 


CBrOLITE. 

LOOALITY.—Tbe  point  at  which  cryolite  and  its  alteration  prodaots 
have  been  found  is  at  the  northeastern  base  of  Saint  Peter's  Dome,  a 
miuor  peak  due  west  of  Cheyenne  Mountain  and  near  the  toll-road  from 
Colorado  Springs  to  the  Seven  Lakes,  at  the  southern  base  of  Pike's 
Peak.  The  spot  lies  nearly  on  the  southeastern  border  of  the  extensive 
region  within  which  Amazon  stone  and  its  associates  occnr,  and  may  be 
thus  considered  within  the  "  Pike's  Peak  region,"  although  several  miles 
distant  from  the  mountain  proper.  The  fluorides  were  first  shown  in  a 
prospect  shaft  and  in  a  neighboring  tunnel,  but  visits  made  to  the  local- 
ity since  the  first  publication  have  proven  the  presence  of  cryolite  masses 
in  several  of  the  small  irregular  veins  north  and  west  of  Saint  Peter's 
Dome. 

OocuBKBNOB  AMD  ABBOOIATIOH. — The  manner  of  occurrence  and 

tlie  relationship  of  the  fluoride  masses  can  now  be  stated  much  more 

clearly  than  was  possible  in  our  first  notice.    Cryolite,  in  the  massive 

form  to  be  described,  was  deposited  in  tlie  veins  of  secretion  which  are 
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80  abandant  in  the  granite  country  rock,  in  small  bnt  pnre  and  Ikhdo- 
geDflpas  masses.  Some  of  these  veias  have  oertaiDly  had  two  periods 
of  secretiOD,  as  is  shown  ia  the  Kureka  tuanel,  3aiat  PeteHs  Dome,  lltu 
taooel  penetrates  for  aboot  200  feet  an  irregular  mass,  consistang  largel; 
of  white  qaartz  and  reddish  miorocliDe.  The  greater  part  of  the  quartz 
ia  the  common  white  vein  material  coatalulng  no  Lnclnded  miQerala,  hot 
a  portion  of  it,  appearing  in  sharply  defined  aogolar  blocks,  ia  full  of 
the  traosparent  zircon  to  be  hereafter  described.  Bmall  particle  of 
miurooline  ore  also  disseminated  throagfa  this  goarta,  while  in  the  body 
of  the  veiD  it  presents  hngo  iadiTidnals,  Bometimes  several  feet  in  diam- 
eter. An  examination  of  the  tnnuel  walls  shows  here  and  there  fuxe 
of  pore  massive  flaohdes  &  or  6  feet  across  and  sharply  defined  agaiut 
both  pare  and  siicoD-beariDg  quartz,  the  spaces  filled  being  very  irref- 
olar  and  angular.  No  contemporaneoas  minerals  of  importanoe  accom- 
pany the  zurcon  and  cryolite  in  this  vein. 

The  parity  or  homogeneity  of  the  white  qnartz,  ztreon-bearing  qnarti, 
and  fluoride  masses,  together  with  their  irregnlar  forms,  seems  to  indi- 
cate different  periods  of  development,  and  it  seems  fiirthei-  probable 
that  a  t4me  of  disturbance,  in  which  the  original  quarts  and  feldspv 
vein  was  much  fractured,  produced  the  irregular  spaces  sabBeqaeiitl,v 
filled  by  different  deposition.  The  cryolite  may  have  been  formed  here 
during  the  time  in  which  flnorite  and  topaz  were  deposited  in  the  cavi 
ties  of  the  region  to  the  northwest. 

The  only  mineral  observed  to  be  undoubtedly  contemporaneous  with 
thecryoliteisoolambite,wbieh  has  been  seen  in  small  crystals  embedded 
direotly  in  fresh  cryolite.  At  one  place  as  trophy Ilite  blades  penetratt^ 
cryolite,  but  these  are  implanted  directly  apon  the  granite  wall,  and  are 
probably  an  earlier  formation,  as  are  the  zircon  crystals  at  their  base, 
and  impregnating  the  granite  itself.  In  the  immolate  neighborhood 
arfvedsonite  and  astrophyllite  are  qnite  abundant,  both  occarring  most 
frequently  embedded  in  white  massive  quartz.  The  original  loct^ty  of 
tysonite  and  bastnasite  is  not  far  from  Saint  Peter's  Dome,  bnt  little  is 
koown  to  ns  concerning  the  manner  of  occurrence  of  these  minerals. 

PUBBLT  SoiEnTlFio  Yalub  OF  THE  DlBCOT££T. — As  oomerons  in- 
quiries concerning  the  probable  commercial  value  of  this  new  cryolite 
locality  have  been  received  since  the  published  description,  it  may  Iw 
well  to  emphasize  the  conolosion  which  is  dearly  suggested  by  the  de- 
scription of  the  occurrence  of  the  mineral.  All  the  cryolite  as  yet 
known  occnrs  in  the  form  of  subordioate  masses  in  the  veins  of  secre- 
tion which  appear  here  and  there  throughout  t>he  granitie  formation, 
and  there  is  no  reason  to  suppose  that  masses  of  economic  importance 
can  occur  in  the  region. 

Beokkt  Litbraturb  of  Cbtolitb  Aim  its  Altbbatiom  Pbod- 

DOTS. — ^The  minerals  of  this  group,  of  which  so  little  was  known  a  ftw 

years  ago,  are  now  among  the  best  known.    As  most  of  the  recent  pub- 
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lieationg  are  of  direct  interest  to  np  in  deBcribing  tbe  material  of  tbe 
new  find,  a  brief  mention  of  the  leading  wtioles  is  in  place.  , 

The  earliest  contribntion  to  be  mentioned  is  that  of  Prof.  P.  Chvth, 
then  iu  Strassbarg,  wbo  institnted  a  oareftil  inveetigation  of  cryolite 
and  its  alteration  prodacts,  several  of  vhicb  bad  received  names  witfaoat 
satisfactory  pnmf  of  their  homogeneity,  while'  more  or  less  donbt  was 
jnstiSable  in  regard  to  the  chemical  composition  of  all  of  them.  Simi* 
lar  rare  minerals  of  other  occarrence  were  also  stadieA.  The  porely 
mineralogical  part  of  this  Investigation  vas  conducted  by  Professor 
Oroth  personally,  while  material  selected  by  him  was  subjected  to  chem- 
ical analysis  by  Dr.  J.  Brandl,  in  Manioh.  To  tbe  papers  by  Messrs. 
Oroth'*  and  Brandl"  we  shall  refer  freqoently  in  theconiseof  the  fol- 
lowing description.  Owing  to  bettor  material  we  are  able  to  supple- 
ment in  some  particulars  the  results  of  these  gentlemen,  and  in  bnt  a 
a  single  case,  namely,  in  regard  to  the  composition  of  pachnolite,  is  there 
anf  discrepancy  between  our  conclnstonn  aud  theirs. 

Concerning  the  crystallography  of  the  group,  Erenneri*  and  Des 
Cloizeaox'*  have  made  important  contributions  while  thelaws  of  twin- 
ing in  massive  cryolite  have  been  investigated  by  Uttgge.** 

Geitesai,  Descbiption  — The  pore  cryolite  appears  in  massive  aggre- 
gates of  large  individnata,  quite  like  that  from  Greenland.  The  three 
prominent  cleavage  stirfaces  are  often  cont'iuaons  for  two  orthree  inches, 
-  indicating  the  size  of  the  individuals  present.  A  delicate  pink  or  even 
decidedly  rosy  hae  is  characteristic  of  the  ft^sbest  sabstence  foand,  bnt 
tbegreater  part  is  either  of  a&iut  greenish  tinge  or  dull  white,  and  none 
so  far  obtained  has  the  snowy  whiteness  or  the  clearness  of  the  Green- 
land mineral.  The  color  disappears  on  beating,  leaving  the  cryolite 
pore  white. 

The  three  marked  cleavage  directions  are  situated  nearly  at  right  an- 
gles to  each  other  and  one  seems  slightly  more  perfect  than  the  other. 
A  parting  parallel  to  these  planes  is  by  no  means  so  easily  effected  as 
one  would  expect  from  tbe  distinctness  with  which  they  are  seen,  a  fact 
explained  by  the  complicated  polysynthetic  stmctnre  to  be  describeil. ' 
TwiM  Structdke. — As  no  crystals  of  cryolite  have  been  fonnd  iu 
this  locality,  the  study  of  the  complicated  twin  .structure  exhibited  by 
the  massive  material  is  no  easy  matter.     The  recent  investigations  of 

"P.  Groth.  "Beiti^e  vox  EeDDtDisg  dei  natUrlioben  FlnorrerbindungeD,"  Zeit- 
acbrift  fVr  EryBtallogntpbie,  Yll,  pp.  375-088  and  457-493,  18S3. 

"J.Bntndl.  Sitiongubericht  der  kSnigl-bayr.  Abademie  der  WiHaenachaften  zn 
MUncbeu,  IWti,  p.  IIS,  and  AniiBleD  der  Uhemie,  CCXIII,  p.  I. 

"J.  A.   Erpnner,     "Die  groDlUiidiBohea  Minerale  der  Rryolith  Omppe."    Bnd». 

petit,  inea. 

■*A.  De«  CloiEeaax.  "Moavellea  obaervatiODs  aar  le  type  ortatAlliii  knqnel  doit 
«trp  MpporWn  la  cirolite."    Bnlt  Soc  Min.  d.  Fr.,  1883. 

"■O.  Mflgge.  "Vbet  die  ZwilliDgabildDDg  dea  EiyoUth."  Jahrbneli  d.  wiat. 
Anatalten  m  Hoiulinrg,  1883,  p.  BT. 
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Kreniier,  aad  especially  thoae  of  Jt^iigge  Dpoa  tbe  massive  mineral  fn>:u 
U-reeoItuid,  bave,  however,  doae  mucfa  to  make  the  relations  clear. 

Dana*'  nmtiotiB  od  P,  Webflky"  0  P  and  od  P  a> ,  and  KrenDer**  oc  P 
and  j  P  as  twinning  planes  identified  opon  cryetaU  of  cryolite.  Hiigge** 
seens  to  have  identified  ±  J  P  as  a  twinning  plane  in  the  maBsit-e  ma- 
terial, independently  of  Kreouer'a  detwiuination.  In  all  the  above- 
mentioned  laws  the  axis  of  revolution  is  the  normal  to  the  twinning  plane, 
which  is  oBUully  the  composition  face.  The  imlysynthetic  develc^meni 
of  varioaa  lavs  was  briefly  sllnded  to  iu  the  first  notice  of  the  Colorado 
cryolite,  aud  the  descriptions  of  HUgge  show  that  a  similtu-,  althoagh  by 
no  meaas  equally  complicated,  straotore  exists  iu  the  Greenland  mineral. 
Tbe  well  known  psendo-symioetry  of  cryolite  is  Ulastrated  by  the  fol- 
lowing values,  taken  from  Krenner:  /)=S9°  iff ;  tbe  prism  angles  stm 
88°  2'  and  fll<^  56',  tbe  angles  between  0  P  and  opposite  prism  &ce«  are 
W°  8'  and  89°  52'.  The  axes  of  elasticity  are  also  sitoated  in  pecaliar 
agreement  with  this  symmetry,  the  bisectrix  lying  in  the  clinodiagon;il 
Mection,  inclined  43°  5i'  to  the  vertical  axis  and  45°  55'  to  tbe  clino  axiA. 
It  is  to  be  noticed  that  by  all  the  above-mentioned  laws  of  twinning  the 
planes  of  OP  and  odP  ate  brought  in  so  nearly  coincident  positiooa  that 
the  deviations  are  unnoticeable  npon  the  cleavage  sarfaoes  of  the  massive 
substance. 

The  examioations  of  Milgge  were  conducted  upon  thin  sections  l>ing 
in  water,  tbe  index  of  refraction  of  the  liqnid  being  almost  equal  to  that 
of  cryolite.  Onr  observations  were  made  upon  sections  prepared  in  tbe 
Dsoal  manner.  As  none  of  them  exhibit  anything  corresponding  to  tbe 
results  obtained  by  Milgge  on  heating  to  a  temperature  of  over  400''  C, 
it  is  assumed  that  no  change  in  the  optical  properties  was  produced  by 
.  tbe  temperature  necessary  in  mounting  these  sections  in  balsam. 

Although  we  cannot  in  tbe  cleitvage  material  distinguish  with  ra>r- 
tain  ty  between  ■x  P  aud  OP,  or  between  tb6  positive  and  nen^tive 
quadrants,  still,  if  &om  a  given  cube,  sections  be  prepared  parallel  to 
each  of  the  three  cleavage  foces,  we  shoald  be  able  to  observe  the  rela- 
tions of  all  twinning  laws  seen  to  each  other  and  to  a  ground  f^irm  which 
oau  be  assumed.  For  a  clear  distinction  of  all  the  individual  parts  it  is 
ueoeasary  to  examine  the  thin  xections  between  crossed  nicols  anil  with 
an  inserted  gypsum  plate  giving  tbe  field  of  vision  a  red  color  of  the 
higher  order.  As  nearly  all  the  twinned  parts  are  symmetrically  related 
to  30  P  or  0  P,  the  first  iHwition  in  which  their  relations  can  be  seen  to 
advantage  Is  secured  by  placing  the  cleavage  lines  in  each  sectioii  ±  to 
the  principal  sections  of  the  crossed  nicols.  This  positiou  is  hereafter 
designated  as  position  I.  It  is  evident  that  tbe  extinction  iu  the  basal 
section  tekea  place  parallel  to  the  diagonals  of  the  prism,  as  indicated 


"  Syslem  of  Hineralogy,  5th  «>d-,  p.  1^. 

"NoDea  Jahrbnch  flir  Hiaarklo^e,  «to.,  1867,  p.  810. 

"  Loe.  ait. 
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by  tbe  cleavage  lioes,  t.  «.,  aboat  45°  from  each.  The  theoretical  ex- 
tiuctioii  parallel  to  a  l^use  of  oo  P  ia  31°  Id'  from  the  vertioal  axis  (Groth), 
which  direction  lies  parallel  to  one  set  of  cleavage  lines. 

The  rarioas  laws  of  twinning  obsen'ed  will'now  be  taken  op  and  the 
resnltiug  stractnre  parallel  to  each  of  the  cleavage  fuxs  described. 

Law  a. — Twinning  plane  and  composition  face  to  P,  axis  the  normal 
npon  it. 

One  of  the  three  sections  shows  a  fine  banded  structure  parallel  to  ' 
one  set  of  cleavage  lines ;  this  resembles  plagioclaae  twinned  according 
to  the  albite  law,  bat  the  bonodaries  are  less  clearly  defined.  In  posi- 
tion I  alternate  bonds  are  bine,  the  remainder  yellow ;  reversed  colors 
fwe  produced  by  a  revolution  of  90'^ ;  extinction  occurs  at  about  31'^ 
from  the  twinning  plane,  right  or  left  according  to  color.  The  second 
section  shows  no  sach  banded  stnieture,  bat  extinction  takes  place  at 
S19  from  either  cleavage  system.  The  third  section  exhibits  a  banded 
atructnre  with  blue  and  yellow  colors,  but  with  nearly  coincident  ex- 
tioftioo  at  45°  from  the  twinning  line,  which  is  parallel  to  one  cleavage 
direction. 

As  experience  shows  this  twinning  to  be  always  parallel  to  one  pair 
of  prism  faces  and  there  is  evidently  a  definite  relation 'between  the 
other  laws  and  the  present,  we,  will  aasome  the  left-hand  front  prism- 
faoe  as  the  twinning  plane,  oe  P  (!)•  The  first  aectioo  was  therefore 
parallel  to  <»  P  (r),  the  second  to  oo  P  (I),  and  the  third  to  0  P.  This 
assumption  is  made  in  all  anbsequent  discussion,  so  that  the  relations 
of  the  different  laws  may  be  correctly  expressed. 

The  laminsa  are  sometimes  broad,  bat  more  freqaently  narrow,  meas- 
uring 0.01  to  0.10°^  in  thickness.  It  is  therefore  difflcatt  to  prepare  a 
section  so  nearly  parallel  to  ao  P  (I)  that  it  shall  not  cnt  obliquely  sev- 
eral of  the  laminte,  producing  a  broad  irregnlar  banding,  aa  represented  ' 
in  Fig.  7.  The  four  vertical  bands  with  irregular  boundaries  are  alter- 
nately blae  or  yellow  in  position  I,  and  extinguish  at  Zl°  right  or  left. 

Law  h. — ^Twinning  plane  and  composition  face  ^  P  {r),  axis  the  nor- 
mal upon  it. 

Sections  parallel  to  oo  P  (r)  nsnally  show  in  each  liunina  produced  by 
tbe  first  law  a  stroeture  illustrated  by  the  lower  left-hand  portion  of 
Pig.  8.  Tbe  parts  of  new  orientation  are  represented  by  the  saiall  rec- 
tangolar  or  graphic  forms  lying  parallel  to  the  diagonals  of  tbe  square, 
right  or  left  as  the  case  may  be,  and  however  zigzag  the  shape  tbe 
bounding  lines  are  almost  always  parallel  to  the  diagonals  mentioned. 
These  tonaa  are  apparently  identical  with  those  describetl  by  Mttgge  as 
twinned  parallel  to  ±  J  P,  and  they  appear  iu  the  other  two  sections  in 
a  manner  agreeing  with  this  sopposition.  In  Fig.  T  they  are  represented 
by  tbe  smaller  horizontal  lamelloi  which  do  not  cross  the  boondaries  of 
tbe  broad  bands,  and  in  Fig.  9  by  the  vertical  lamellte  included  in  the 
larger  ones.  They  are  therefore  cat  by. the  plane  so  P  (r)  nearly  or 
(263) 
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qaite  at  right  angles,  and  their  indisatioD  is  that  of  the  plane  ±i  P, 
according  to  which  they  are  jntergrown. 

The  expIauatioD  above  givea  la,  however,  insofflcieDt,  as  tliere  are 
particles  of  three  distlnot  optical  orientatioDH  among  these  formally  in- 
distiogoisbable  portioDS.  If  a  lamina  cot  parallel  to  «  P  (r)  be  plaottd 
in  positioD  I,  and  theo  shows  a  bine  color,  the  visible  i&oladed  parts  of 
the  form  in  question  will  appear  yellow.  On  revolving  the  lamin**  31°. 
to  its  position  of  eztinotion,  it  is  found  that  some  of  those  diagoaally- 
sitoated  particles  have  the  same  extinction  as  the  lamina  containing 
them,  while  the  others  become  still  brighter  yellow  and  are  foond  to  ex- 
tingaiah  simultaneoosly  with  the  adjacent  yellow  lamina.  On  movioj; 
the  section  oat  of  position  I  diagonal  parts  of  the  third  orientation  ap- 
pear. These  were  blue  in  position  I,  bnt  do  not  eztingniab  with  tfae 
Bobstance  surrounding  tbem ;  on  the  oontrary,  they  correepood  in  this 
particolar  wltb  the  ueighboriug  yellow  lamina.  It  is  impossible  to  defi- 
nitely determine  the  laws  according  to  which  the  aabstanoea  are  twinned, 
but  in  Fig.  10  the  observed  relations  are  explained  in  one  way.  Hie 
larger  arrows  indit^te  tfae  normal  directions  of  extinction  parallel  to 
CO  P  {r),  with  reference  Co  the  vertical  axis.  The  area  ;r  represents  the 
position  of  the  corresponding  directions  of  extinction  in  a  Iwnella  twinned 
parallel  to  the  npper  right-hand  face  of  the  positive  hemipjitunid,  }  P 
{r).  This  will  extinguish  at  31°  to  the  right  from  the  vertical  axis,  while 
corresponding  very  nearly  in  color  with  the  inclosing  substance  in  po- 
sition I.  This  is  considered  the  equivalent  of  the  law  identified  by 
Kreuner.  The  lamella  y  is  related  to  7  as  if  twinned  according  to  law 
a,  and  thus  will  exhibit  parallel  extinction  with  the  inclosing  iiubetanoe 
hot  the  opposite  color  in  position  I.  The  part  z  corresponds  in  color 
and  exdnction  to  the  adjacent  lamina,  twinned  after  law  a,  and  intei^ 
grown  parallel  to  J  P  (r)  or — i  P  (0- 

Careful  study  of  a  number  of  sections  has  failed  to  show  any  method 
of  distinguishing  between  these  various  parts  aside  from  their  optical 
orientation.  Now  one,  now  another,  seems  to  predominate,  and  often 
all  three  are  to  be  seen  in  a  single  lamina. 

The  sections  parallel  to  qd  F  ( J)  and  0  P  out  these  thin  particles  at  an 
obliqae  angle,  and  their  proper  optical  action  is  thus  so  obscured  that 
they  cannot  be  nsed  to  test  the  accuracy  of  the  relation  represented  by 
Pig.  10. 

Late  e. — Twinning  plane  00  P  ex,  axis  the  normal  npon  it,  oompoHitioD 
fbce  CO  P,  or  an  irregular  surface  near  it. 

Sections  parallel  to  0  P  never  show  a  twinning  plaue  running  parallel 
to  either  pinacoid,  and  yet  substauce  is  fonnd  whose  orientation  corren- 
ponds  to  the  requirements  of  the  above  law.  This  is  shown  upon  0  P 
by  polysynthetic  twin  stmctore  parallel  to  the  second  prism  plane, 
00  P  (r),  the  lamiufB  eztiugaishing  at  46°  and  henoe  presentinK  0  P. 
(See  Fig.  9.)  This  might  be  considered  ae  twinning  after  tike  ptisBi 
plane  os  P  (r)  except  that  a  corresponding  atraotore  upon  «  P  (i)  does 
(264)  , 
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not  ftppear.  There  is,  it  is  tnie,  a  vertioal  lamellar  twioDlog  sonaetimes 
seen,  but  accompanied  by  the  sabstances  iDtergrown  as  described  anda- 
law  b.  This  is  represented  in  Fig.  7,  and  is  the  natarol  reaolt  of  law  c, 
which  brings  oo  P  (r)  with  its  twinoiug  after  laws  a  and  b  into  parallel 
position  with  aoP  (l),  prodaces  a  crossing  of  the  laminn  a^u  0  F,  and, 
lastly,  brings  co  P  (I)  parallel  to  oo  P  (r).  This  latter  position  is  oatni^ 
ally  seldom  seen  in  sections,  as  the  part  thus  twinned  is  nsnally  a  rather 
thin  plate  parallel  to  ao  P  (r),  of  the  chief  lodiTidoal.  In  one  case,  how- 
ever,  a  section  parallel  to  x  P  (r)  which  exhibits  the  nsnal  oomplicated 
structure  over  the  greater  part,  passes  by  an  irregular  indistinct  line 
into  substance  of  more  simple  action,  like  that  represented  for  oo  P  (I) 
in  Fig.  7,  as  if  the  slightly  oblique  section  plane  had  cut  into  the  plate 
twinned  after  this  law  c.  Websky  describes  the  composition  face,  in 
the  case  noticed  by  bim,  as  irregular,  althoagh  lying  approximately 
parallel  to  co  P  oo. 

Law  d. — ^Twinning  plane  i  P  {I),  axis  the  normal  Qpon  it,  oomposidoii 
face  00  P  (I),  or  an  Irregnlar  sorface  near  it. 

By  this  law  co  P  (r)  and  0  P  are  interchanged.  It  seems  required  to 
explain  tbe  appearance  in  the  section  parallel  to  «  P  (r)  of  lamin» 
parallel  to  those  of  a,  but  with  extinction  of  45°  {see  Fig.  8),  and  the 
similar  laminte  on  0  P  with  extinction  of  31°,  and  including  parts  twinned 
after  the  law  b.  Upon  ce  P  [I),  the  composition  face,  this  law  cannot 
be  identified. 

Law  e, — Twinoiug  plane  —  }  P  (Ot  &xiB  the  normal  upon  it,  composition 
foce  irregular. 

This  law  seems  required  to  aocoont  for  certain  relations  fk«qnently 
seen  upon  oo  P  (r)  and  so  P  (I).  Upon  the  former  tlie  asoal  straetore 
of  this  face  appears  at  right  angles  to  i\»  proper  position,  while  upon 
ao  P  {I)  horizontal  bands  may  be  seen  which  are  polyaynthetic,  and  give 
extinction  at  45°  from  pomtion  I.  This  would  be  explained  by  the  Jaw 
above  given,  and  is  illnstrated  by  Figs.  7  and  8. 

Of  the  above  laws  the  first  seems  to  be  identifiable  in  all  portions  not 
parallel  to  the  twinning  plane,  and  the  second  is  nearly  as  persistent. 
Jmw  d  affects  substance  already  twinned  alter  laws  a  and  b,  while  «  and 
0  produce  a  twinning  of  matter  showing  a,  b,  and  d.  Laws  o,  d,  and  e 
areUiooght  to  be  justified,  for  however  irregular  their  oompositiou  face^ 
the  position  of  the  parts  twinned  after  a  and  b  is  always  a  very  definite 
and  regular  one  with  reference  to  corresponding  parts  in  the  primary 
individual. 

Whether  the  prismatic  twinning  plane  is  right  or  left,  it  is  elear  that 
the  planes  of  laws  b  and  e  and  the  composition  face  of  a  lie  in  tbe  zone 
between  the  prismatic  twinning  plane  and  OP,  and  that  the  plane  of  d 
is  in  tbe  zone  of  OP  to  the  other  prism  plane. 

No  twinning  parallel  to  OP  was  noticed,  unless  a  horizontal  division 
of  a  few  lamiiue  twinned  after  a  be  thus  interpreted  (Fig.  8), 
{206) 
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OhbKIOAL  Oompositioit. — For  all  analyses  of  this  and  the  folloiriiig 
mmerala  the  greatest  care  was  taken  to  have  the  purest  of  reagents. 
The  fluorine  waa  in  all  oases  determined  b;  ttie  WShler-Frefiening 
method,  with  the  alight  modiflcatious  introdnced  by  Braudl,**  except 
that  the  iron  plate  instead  of  the  oil-bath  was  nsed  for  heating.  The 
SDlpbarie  acid  was  obtained  of  the  highest  degree  of  concentratioD  and 
parity  by  dlatillatioQ  from  a  platinum  retorL  The  water  was  deter- 
mined by  absorption  io  a  chloride  of  oalciom  tube,  the  miueral  baviag 
been  heated  in  a  tnbe  with  either  oxide  of  lead  or  carbonate  of  sodiom, 
the  resalla  being  the  same  whether  one  or  the  other  was  used. 

The  cryolite,  of  which  the  analysis  is  here  given,  possessed  the  specific 
gravity  2.97^  at  24<'  O.,  was  faintly  pink  in  color,  and  contaiued  as  a 
Tisible  iuipnrily  the  oxide  of  iron  represented  in  the  analysis : 
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>A>  Ote  meu  of  SS.U,  SS.U,  Sl.U,  ud  tt.X. 

The  presence  of  a  slight  amount  of  water  indicates  iQ<»pient  altan- 
tion,  but  although  purer  and  firesher  material  was  sabseqaeotJy  ob- 
tained, a  second  analysis  seems  unneossary. 

Ai.TBKjLTion  OF  Chtouib. — Although  pure  and  fresh  cryolite  is  oom- 
mon,  tiie  greater  part  of  masses  so  near  the  surface  is  naturally  changed- 
In  the  Eareka  tunnel  the  snrfiMses  seen  upon  the  walls  exhibit  plunly  the 
three  cleavage  directions  of  cryolite,  especially  when  moistened.  7^ 
material  is  chiefiy  massive  pachnolite,  however,  as  can  be  distinctly 
seen  in  thin  sections,  whUe  fresh  cryolite  is  still  visible  in  small  patches. 
Alteration  of  the  oryolite  proceeds  in  two  ways,  producing  the  same 
mioerals  in  the  end.  By  one  process  the  principal  cleavage  flssnrvs  are 
Dtilized  by  tite  solotions  which  effect  the  change,  and  thin  walls  are 
formed  of  a  white  crystalline  substance.  The  next  step  seems  to  be  the 
bodily  removal  of  the  cryolite  matter  between  these  walls,  leaving  a 
network  of  partitions  in  the  three  directions  of  the  chief  cleavages  ot 
the  original  oiyolite.  These  partitions  or  walls  are  lined  by  minute 
crystals.  The  second  mode  of  alteration  proceeds  from  the  neigbbmiDg 
quartz  and  from  the  boandariea  of  the  different  crystalline  individnals 
of  the  oryolite,  the  resalt  being  a  compact  crystalline  mass  of  a  foitii 
bluish  tinge.  The  material  at  hand  illostrates  the  two  processed  and 
their  prodncts  about  equally  veil,  and  they  are  often  combined. 

<'ADD»len  der  Cliemle  und  Phaimaoie,  CCXIU.  p.  1. 
"IfAIsii?.  iDtMsftnd  All  tubBeqiifliit  MiBlyMB,  peroantagaaof 
oolftted  with  the  ■wnnwptkm  of  27  m  its  atoitiia  weight. 
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A  lar^e  part  of  tlie  material  id  the  Enreka  tUDud  is  a  niafisive  mix- 
ture of  indistingaitifaablecomponuds,  probably  derived  from  tbe altera- 
tion of  pachiiolite.  Pluorite  is  one  of  the  fortber  products,  but  never 
appears  prominently. 

Tbe  small  mass  of  fluorides  strnck  in  the  incline  near  the  Eureka 
tunnel  is  remarkable'  for  tbe  purity  of  a  unmber  of  further  products. 
Near  the  quartz  and  granite  walls  decomposition  haaprogressed  until  a 
pure  white  substance  has  been  formed,  which,  when  dry,  is  a  kaolio- 
like  powder  of  extreme  fineness.  It  resembles  plaster  of  Paris  when 
wet,  as  it  invariably  is  in  the  vein.  This  is  the  gearksntite  to  be  de- 
scribed Airtber  ou.  From  this  same  small  mass  were  obtained  most  of 
the  specimens  utilized  in  the  det«rmiDations  of  the  species  whose  con- 
sideration follows. 

'     PACHNOIJTB. 

FsoM  THE  Thud  Wailb. — The  microscopical  examination  of  the  walls 
and  membranes  produced  by  the  first  mode  of  alteration  of  the  cryo- 
lite, shows  them  to  be  coat«d  by  many  minnte  but  perfect,  colorless, 
and  transpu^ut  prismatic  crystals,  which  are  usually  placed  at  right 
angles  to  the  central  plane  of  the  wall,  though  sometimes  in  an  irregu- 
lar manner.  The;  reach  a  maximum  length  of  2'"°  by  a  thickness' of 
0.2  to  0.4"™.  The  crystals  are  occasionally  yellow  in  color  while  retain- 
ing their  transparency,  the  color  being  doubtless  owing  to  some  matter 
derived  from  the  alteration  of  the  astrophylbte  which  peuetratea  all 
each  specimens.  The  crystallograpfaical  identification  of  these  crystals 
with  pachnolite  is  quite  certain,  for  upon  placing  them  in  vertical  posi- 
tion under  the  microscope  the  prism  angles  can  readily  be  measured, 
and  correspond  closely  to  81°  24'  and  d8°  36',  the  theoretical  angles  of 
pachnolite  (see  Groth,  1.  c,  p.  463).  The  prism  ao  P  and  base  OP  are 
in  all  cases  the  chief  &ces,  accompanied  Ireqnently  by  a  heraiortho- 
dome  and  very  rarely  by  a  clinodome.  both  very  slightly  developed. 
The  former  is  considered  to  be  —  P  oo ,  from  data  given  below.  Pyramid 
faces  have  not  been  seen  upon  crystals  of  this  growth.  Although  all 
detached  crystals  show,  when  examined  in  polarized  light  as  lying  upon 
a  prism  face,  an  oblique  twinning  plane  in  the  prismatic  zone,"  still  a 
projecting  angle  upon  the  base  can  bat  rarely  be  seen.  Tbe  reflecting 
nartaeea  of  the  thinnest  walls  are  composed  of  innnmerable  small  facets 
of  rhombic  outline, — the  basal  planes  of  the  very  low  prisms.  In  frag- 
ments fVom  some  of  the  thinnest  walls,  placed  horizontally  under  the 
microscope  and  observetl  in  polarized  light,  twinning  parallel  to  the 
shorter  (orthn-)  diagonal  can  easily  be  seen.  The  crystals  are  usually 
quite  equally  bisected  by  the  twinning  line.  The  central  portion  of 
these  walls  is  nither  dull  white,  and  probably  represents  the  alteration 
product  on  cleavage  planes  of  the  original  cryolite,  while  the  crystals 

''Oroth,J.c.,p.«4. 
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themselves  were  formed  daring  or  after  the  removal  of  the  intcrmcilititft 
cryolite  substance.  Material  from  a  network  of  tbin  walls  covered  by 
pacboolite  crystals  was  subjected  to  chemical  aualysis,  yieldiog  tlie 
rosalt  QDder  XXVII,  p.  54. 

Fbou  ibe  Bluish  Masstve  Alteration  Pbodvct.— Tlie  pale 
bluish  mas8  formed  by  the  second  mode  of  decomposition  has,  in  great 
part,  a  regular  crystalline  structure  produced  by  a  more  or  less  iR'rfrct 
intergrowtb  of  pachnolite  individuals  in  three  directions  appr»xJLDatfly 
at  right  augles  to  each  other.  Nenrly  simultaneous  reflection  over  the 
gi'eater  part  of  certain  irregular  surfaces  make  this  relation  ])]ai]i.  Ity 
the  examinatioD  of  such  n,  surface  with  a  lens  one  can  nsaally  idcnlify 
a  number  of  rhombic  facets  which  aro  nearly  or  (juite  coincident  in 
piMitiou  with  striat«d  planes,  the  two  corresponding  to  OP  and  » I* 
of  different  individuals.  Such  a  structure  is  also  illustrated  by  tbe 
crystahi  in  the  nnmerons  smalt  cavities  occnrring  in  the  massive  ma- 
terial. 

These  cavities  are  wholly  of  irregular  shape  and  reach  a  maximum 
oliser\'ed  diamet«r  of  3  to  4''"',  The  crystals  lining  them  are  often  very 
perfect,  and  are  occasionally  2  to  A'""  in  length,  with  a  thickness  of 
l'""  or  less.  The  stndy  of  these  crystals  proves  that,  as  in  the  preceil- 
iiig  case,  most  of  tbem  mast  be  referred  to  pachnolite,  althongh  thorn 
senolite  is  sparingly  present.  These  pachnolite  crystals  difTer  iu  habit 
from  those  already  described  in  that  the  pyramid  is  usually  prominent, 
bring,  however,  in  nearly  every  case  truncated  by  the  basal  |>hiDe;  in 
fa'jt,  crystals  without  0  P  are  very  rare.  The  rhombic  section  of  the  pri!«m 
is  everywhere  plain.  Althongh  every  prism  on  being  optically  tested 
shows  a  twinning  plane  in  the  prismatic  zone,  the  low  projecting  angle 
of  179°  20*  upon  0  P  can  seldom  be  distinctly  seen.  Many  crystals  are 
somewhat  extended  parallel  to  one  pair  of  prism  faces.  A  hemi-ortho- 
dome  of  thi'  same  order  as  the  pyramid  is  sometimes  developed,  and 
probably  corresponds  to  that  noticed  upon  the  crystals  of  the  foregoing 
t^  pe.  Most  of  the  crystals  of  these  cavities,  while  very  perfect  and  (Iim- 
tinctly  rtflognizable  as  pachnolite,  are  too  email  and  their  snrfBces  are  too 
I'rtiqnently  covered  by  minute  crystals  of  a  later  growth  to  be  available 
for  nioasuremcnf  8  with  the  goniometer.  Two  specimens,  however,  of  the 
blnish  massive  mateiial,  when  carefully  examined,  proved  to  contain 
piichnolite  in  a  form  allowing  of  more  exact  crystallographieal,  optical, 
and  chemical  investigation. 

CUTSTALLOGBAPHICAL  DETERMINATIONS. — The   flrSt  of  the   8|>eci- 

mens  above  mentioned,  which  we  will  designate  specimen  A,  is  abont 
8x6x2™  in  size,  is  somewhat  more  coarsely  grannlar  than  the  variety 
jnst  described,  and  possesses  in  an  eminent  degree  the  regular  structure 
there  observed.  While  compact  in  the  greater  part  of  the  specimen, 
there  are  portions  in  which  the  grains  are  more  loosely  aggregate*!  to- 
gether, and  parts  of  individuals  have  perfectly  developed  crystal  face«. 
In  some  minute  cavities  a  few  crystals  with  quite  perfect  terniiuatious 
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were  found,  and  apon  these  some  faces  were  snfBciently  large  and  pol- 
isfaed  to  admit  of  measarements  vitb  a  Fness  redectioo  goniometer. 
These  crystals  are  aboat  I''"  long  and  nearly  the  same  iu  thickness. 
Tbey  show  «  P,  0  P,  with  snbordiaate  —  P,  aod  a  negative  pyramid 
detennined,  as  —  3  P  5.  They  are  all  twinned  parallel  to  co  P  56,  and 
the  low  projecting  angle  apon  OP  is  sometimes  distinctly  visible. 

The  angles  given  in  the  following  table  are  all  means  of  nameruns 
closely  agreeing  measarements  and  demonstrate  tlie  crystallograpbical 
identitj'  of  the  mineral  ander  diseossion  with  pavhnolite : 
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The  face— 3P3  was  observed  on  a  namber  of  distinct  twin  crystalx, 
with  projecting  angle  on  OP,  and  in  several  cases  on  both  of  the  nega- 
tive angles. 

Upon  one  side  of  specimen  A  are  a  few  tbomsenolite  crj'stals,  distin- 
gaisbable  by  their  prism  angle  of  nearly  90°.  They  lie  irregnlarly,  and 
seem  to  be  later  in  formation  than  the  pachnoUte.  Upon  them  are  de- 
posited minute  proaopite  crystals  and  indistinct  alteration  prodocts.  Iu 
the  inosa  of  this  B|>ecimen  no  thomsenolite  can  be  detected,  while  all  in- 
dividuiJti  with  partinliy  free  development  are  plainly  i>achno]ile.  Anal- 
ysis XXV  111  of  the  table  (p.  54)  was  made  ui>on  material  obtained  from 
the  clear  loosely  granular  iwrtions  of  specimen  A,  and  altbough  it  whs 
iiecftuary  to  include  many  transparent  grains  of  irregaliir  sbajR',  iu  onler 
to  obtiiin  a  desirable  amount  of  substance,  there  is  no  doubt  iu  our  own 
minds  that  tbomsenolite  was  wholly  iibseut  from  the  material  analyzed. 

The  second  specimen,  B.  from  which  especially  good  niati-rial  whh  ob- 
tained, had  a  seam  2^"  thick  of  coarse  grauular  structure  running  thixmgh 
it,  and  upon  splitting  it  open  along  this  seam  two  surfaces  of  water- 
clear  loosely  adheriug  crystalline  grains  of  pnclinnlite  were  rx)>oBeii 
with  the  regnlur  arrnugement  described.  Actual  development  of  cry  s'  nl 
faces  other  than  the  prism  is  rarer  than  in  specimen  A,  but  the  size  of 
the  grains,  reaching  5""  in  length  by  1 — ;t""  in  thickness,  is  such  aa  to 
admit  of  the  preparation  of  thin  sections  for  optical  exiiuii nation,  uml 
also  gave  absolutely  pure  material  for  chcniiCHl  mialysis.  None  of  tint 
crystals  upon  which  the  faces  were  well  formed  were  superior  lo  thoM^ 
of  specimen  A,  and  only  measurements  of  the  prism  angles  were  madi-. 
The  face— 3Prt  was  not  olwerved  at  all. 

The  opticiil  ])ro|>erties  of  these  pachnolile  crystals  are  r-ach  as  to 
leiive  »fl  donbt  concerning  their  crystallograpbical  i<leiitily  with  Ibu 
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mineral  described  b;  Professor  Grotli  as  paohnolite.  Several  secUoiia 
wero  prepared  as  oearly  parallel  to  the  cliuopiuacoid  as  possible.  Tlietie 
exhibit  iu  all  cases  a  twiu  structure,  auO  this  isfrcqueiitl;  poljsjnlhetic. 
Tbo  twJDtiiDg  lines  are  straif^ht  and  lie  purallel  to  the  vertical  axin. 
ExtinctioD  takes,  place  at  21°  3(K  to  22°,  or  68°  to  68°  W  from  the  tniu 
Ding  line,  iu  opposed  directioDS  in  alternate  lamina.  According  lo 
Oroth  the  bisectrix  is  Id  the  plane  of  syianietry,  aad  lucliue<l  tiSf>  Sy  fur- 
ward  from  the  vertical  axis.  Sections  parallel  to  the  base  alsoxliow 
the  twinning  structure,  the  line  lying  parallel  to  the  nrthodiagoual. 

A  large  part  of  the  pnrest  crystals  and  fragments  from  this  ^pecitiiiii 
were  ased  for  chemical  anal^ois  and  repeated  wati>rdetemiiDalinns,ilit; 
resDits  of  which  are  given  below  (XXIX,  p.  Si). 

Chbmical  Invebtigation.— Previous  to  the  analysis  b.v  BraudP  .rf 
pachnolite  carefally  selected  by  Oroth,  pacbnolite  and  thomsenolite 
were  considered  to  possess  the  same  chemical  composition.  The  results 
of  all  earlier  analyses,  exclading  such  as  referred  to  manifestly  very 
impure  material,  while  frequently  deviating;  materially  from  the  figures 
required  by  theory  for  the  formula  NaF,  CaFt.  AII'V  HtO,  still  agnvon 
the  whole  very  well,  as  shown  iu  the  accompanying  table,  and  fully 
josti&ed  the  belief  Id  the  chemical  identity  of  the  two  species. 
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Withler's  analysis  was  entirely  confirmed  some  years  sabsequenlly  by 
JaDnasch,^  in  GSttingen,  who  analyzed  pure  thomsenolite  selected  by 
Klein. 

Id  view  of  the  above,  the  analysis  qf  pachnolite  by  Brand),  showing 
results  agreeing  well  with  those  required  by  the  formula  NaF,  CaFt, 
AlFj,  was  calculated  to  cause  uo  little  anrprise.  Grotb  accepts  withont 
question  the  anhydrous  nature  of  pachnolite,  and  endeavors  to  expl»iii 

"Anoalen  der  Chemie  nnA  Pbarmacie,  OCX  ITT,  p  S. 

»Nea«i)  JAhrbuoh  Kr  maet^\ogie,  «tc.,  1876,  p.  831. 

■> Proceedings  Acad.  Bci.  of  Phitn.,  1876,  p.  42. 

"  ADDaleu  der  Chemie  uod  Pharrnacie,  CXXYII,  p.  61. 

"SitCDiiKiliericbb  d.  niedeirhein.  Oos.  filr  Katnr.-  nnd  Heilkande,  18B0,  XX,  p.  141. 

■■>Am.  Jonr.  8ci.,  1866. 11,  XU,  p.  119. 

**Neiif  B  Jabrbaoh  fUr  MJDcralogie,  etc.,  1877,  p.  606. 
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nway  tbe  opposing  evidence,  abown  in  the  foregoing  table,  by  asanming 
I  liat  the  sapposed  bomogeneoDB  material  analyzed  was  contaminated 
largely  with  thomsenolite.  As  in  uo  pablisbed  analysis  does  the  per- 
centage of  water  full  bt-Iow  7  per  cent.,  this  assumption  necessitates  a 
most  improbable  admixture  of  thomsenolite.  In  those  cases  where  the 
percentage  of  wat^r  equals  or  e^icceiLs  that  rcipiired  for  thomsenolite 
the  presence  of  gearksutitc  is  suggested  by  Orotli  as  a  possible  expla- 
nation. Even  on  thisaupposition  the  percentage  of  foreign  admixtnre 
could  not  fall  below  60  per  cent.,  in  which  extreme  case  the  whole  of  the 
impnrity  mast  be  gearksntile,  an  amount  which  it  is  difScalt  to  conceive 
should  hare  escaped  the  notice  of  ench  observers  as  Kfioig,  vom  Batb, 
and  Enop,  the  latter  of  whom  expressly  says  that  his  analysis  was 
made  upon  material  identified  as  pnchnolite."  X<<t\vitbutautliug  the 
difficult^'  of  explaining  the  ngrceiucDt  between  the  previous  analyses  of 
paohnolite  aud  thomsenolite,  ou  the  asj^nrnption  of  the  anh.vdrous  nature 
of  The  former,  tbe  correctness  of  Tirandl's  analysis  was  not  at  first  ques- 
tioned by  us. 

In  the  course  of  the  present  investigation  the  compact  bluish  mate- 
rial (see  page  50),  having  the  specific  gravity  'J.9S0  at  22°  C,  was  first 
analyzed,  the  crystalline  iiachuulitc  uot  having  yet  been  observed.  Tbe. 
reiiulta  uf  analysis  as  giveu  undL-r  XXVI,  below,  agree  in  the  main  so 
well  with  the  figures  required  for  the  formula  NaF,  CaFj,  Al  i'j,  H»0,  that 
no  lipsitation  was  felt  in  considering  the  mineral  to  be  thomsenolite, 
probably  slightly  contaminated  with  fiuorite.  Later,  the  crystalline 
coatingoQ  the  Ibio  walls  produced  by  tbe  first  ino<le  of  alteration  of  tbe 
urvotito,  the  crystalx  forming  which  had  not  yet  been  identified  crystal- 
lographiually  a»  pachnolite,  were  subjected  to  analysts  with  the  results 
giveu  under  XXVir.  Here  again  tbe  identity  with  thomsenolite  seemed 
clear.  It  was  not  until  the  analysis  of  perfectly  transparent  freah  crys- 
tals and  crystal  fragments,  all  taken  from  specimen  A,  above  described, 
gave  the  results  shown  under  XXVIII,  that  the  possibility  of  the  first 
analyses  having  been  also  made  upon  pachnolite  was  suggested.  That 
this  was,  however,  so  in  the  case  of  No.  XXVII,  subsequent  careful  ex- 
amination fully  revealed,  though  the  crystals  analyzed  were  not  entirely 
free  fVom  foreign  admixture.  It  seems  certain,  also,  that  tbe  compact 
bluish  [MrtioDS  (XXVI)  consist  almost  entirely  of  pauhuolite,  although 
it  cannot  be  positively  asserted  that  some  thomsenolite  may  not  be  in- 
tergrown  with  it.  That  no  possible  doabt.  might  exist  in  the  mind  of 
any  one  an  to  thehomogeneity  of  the  material  used  for  auiilysis  XXVIII, 
a  further  iinalysis  was  made  ujiou  crystals  from  specimen  B,  above  de- 
scribetl,  particular  care  being  taken  to  identify  each  as  pnchnolite  by 
the  rhombic  section.    The  results  of  this  analysis  appear  under  XXIX. 


"Nenea  JahrliQch  fill  Mineralogie,  etc.,  1876,  p.  B50. 
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Fnrtber  detenninntionfi  of  water,  on  material  from  6i>eciiiiet]  B.  i:ave 
7.95,  7.99,  8.H,  iiud  8.15  per  uenL  Still  other  determi nations,  some  on 
material  every  fniirmeot  of  tvhioh  showed  the  riionibii;  scutiou,  otbcn 
on  material  taken  at  random  from  the  crystalline  mass,  ^avc  resQltalie- 
tweoii  7.90  and  8.20  per  cent.  The  specific  gravity  at  17oC.  of  the  per- 
fectly pure  material,  as  the  mean  of  fonr  detenniDBtionst  varjing  be- 
tween 2.903  and  2.968,  was  2.965.  A  single  determination  on  another 
portion,  finally  pare,  at  22oO.  gave  2.962.  The  triiusiinrent  crystalx, 
na  well  as  all  the  other  (tortious  analyzed  decrepitutpd  violent  ly  on  hi*t 
Ing  In  a  test  tube,  tbo  walls  became  lined  with  tbt^  whitu  deposit  so 
ebaracteriBtic  of  tbomsenolite  and  pavhitolite,  snd  mticb  water  was 
given  off.  Hence  it  appears  that  the  pachnolito  from  Pike's  Peak  and 
tboDQseDolite  arc  identical  in  composition,  nnleas  the  fact  of  alt  analy- 
ses of  tbomsenolite  showing  sliglitly  more  water  than  rc-quired  for  the 
formula  NaF,  GaFi,  AlFj,  HiO  may  indicate,  as  Bng::e$t«d  b>  Groth,a 
partial  replacement  of  duoriue  by  bydroxjl  in  that  niinetal.  tihoald 
this  prove  to  be  the  case,  a  plausible  ezplanaiiou  of  the  difference  in 
crj'stalllzatioa  of  the  two  minerals  is  offered  without  recourse  to  the 
tJieory  of  dimorphism. 

A  satis^tory  explanation  of  Brandl's  resnlts,  so  opposed  to  those 
presented  by  all  earlier  analyses  and  the  ones  above  given,  is  impossi- 
ble, but  it  may  be  well  to  call  attention  to  the  fact  that  Brandl  noA 
obliged  to  make  his  determtuntions  of  fluorine  and  the  metals  iiptm 
(jnantities  of  0.1106  gr.  and  0.1130  gr.  weight  respectively,  whereas  mate- 
rial was  not  wanting  for  the  present  analyses,  the  determinations  ba^-ing 
been  made  upon  weights  of  from  0.3  gr.  to  0.75  gr.  It  uowhen-  apiK-ais 
that  a  direct  test  for  water  was  made  upon  the  materiiil  fumishml  by 
Grotb.  Tbe  latter,  it  is  true,  remarks  {I.  c.  p.  4CI) :  "Avsstrdem  bildtt  ^ 
tick  Act  tetzlerem  (Tbomaenolite)  in  dca  kalteren  IkciUn  dea  Rnhren  an 
WoMerbeacklag,  welchsr  beim  Erkilnen  riintn  'PachnoHthea  nafitWtcA 
autbleibt.''  The  absence  of  water  does  not,  buwever,  seem  to  be 
hereby  proven,  but  simply  to  be  iissumcd  from  tbe  close  approxima- 
tion to  100  of  Brandl's  results,  exclusive  of  water.  Brabdl  himself  says 
water  is  wantiDg,  but  does  not  mention  whether  this  was  ascertMiied 

■^Aunaleo  der  Chemie  nud  Pb&rmaoie,  CCXIII,  p.  6.     The  percentaf^  of  Al  ia  cal> 
oolmtod  to  coTT«8pond  iritb  the  other  auslj'ftes  (A1=X7). 
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by  direct  experimetit.  Tbe  small  amoant  of  material  at  bis  Oispoaal 
luudei-ii  it  not  improbable  tbat  do  direct  teat  was  made. 

SiDoe  the  conclusion  of  tbe  abore  iuvesligationa,  throogb  the  kind- 
ness of  Mr.  Albert  F.  Damon,  president  of  tbe  Pennsylvania  Salt  Manu- 
factoring  Company,  we  have  obtitiued  gpeeimeiis  of  Greenland  cryolita 
uDd  its  alteration  productA.  From  one  of  tbeso  apecimeiis  was  removed 
a  large  number  of  small,  needle-liku,  pyramidally  terminated,  twiuued 
crystals  with  a  rhombic  prismatic  section,  showing  in  fact  precisely  tbe 
common  occnrrenee"  and  ordinary  habit  of  psicLnolite*'  as  described 
by  Grolb.  These  crystals,  slightly  yellowish  in  color,  bat  quite  trans- 
parent, were  iudividoally  examined  under  tbe  microscope,  alt  such  as 
did  Dot  show  beyond  a  doubt  the  above  described  habit  being  excluded. 
They  were  then  tested  in  a  small  glass  tube  for  water.  Decrepitation 
f^usned  on  heating  and  the  walls  of  the  tube  became  lined  with  a  white 
powder,  and  also  with  a  deposit  of  water,  in  such  qnaui  i  ty  as  to  preclude 
tbe  possibility  of  its  having  been  derived  from  but  a  small  portion  of  the 
material  experimented  upon. 

Otheb  Pobhs  of  PACHr40LiTE. — In  some  very  cellular  siiecimens, 
whose  walls  run  irregularly  and  seemingly  without  reference  to  the 
cleavage  of  the  origiual  cryolite,  are  crystals  of  paebnolite  of  different 
habit  from  tbi^t  so  far  described. 

One  or  two  of  these  cavities  show  crystals  corresponding  in  size  to 
those  upon  tbe  thin  walls,  but  exhibiting  each  and  every  one  a  re-enter- 
ing angle  on  the  free  termination.  Id  sncb  little  crystals  the  basal  planes 
iire  promineut,  and  they  are  bounded  on  tbe  inside  by  a  pyramid  and 
dome,  doubtless  — F  and  —  ?£.  Outward  there  sometimes  a[»pears 
unotber  pyramid  (+Pf),  tbongh  the  prismatic  faces  themsplves  usually 
form  a  sharp  edge  with  OP.  All  these  crystals  are  too  small  for  meii^nre- 
ment,  but  as  the  apjiearance  described  is  sncb  as  would  be  normal  for 
tbe  termination  by  which  the  twin  crystals  are  commonly  attached,  it 
seems  admissible  to  consider  the  faces  as  OP,  — P,  — P  oS  and  probably 
+  P.  On  many  twins  of  this  kind  tbe  onteror  jtositive  angles  between 
X  P  and  OP  are  replaced  by  two  faces  greatly  resembling  those  of— 3P.'(, 
iind  although  entirely  too  minute  for  measurement  it  is  probable  that 
this  form  — 3P3  is  here  represented.  The  crystals  of  Greenland  paebno- 
lite are  always  attached  by  the  end  with  the  re-entering  angle,  accord- 
ing to  Groth. 

THOMSBIfOLrTE. 

OccuBBENOE  AiTD  Dbsobiption. — While  it  is  quite  certain  that  tbom- 
senolite  is  present  in  small  quantity  with  the  pachnolit^,  it  has  been  im- 
possible to  obtain  any  quantity  of  it  for  examination.  Tbe  microscop- 
ical study  of  the  minute  crystals  lining  the  thin  walls  described,  shows 
ii  few  of  ne^iFly  tquare  section  with  sharp  pyramidal  tbrm  and  destitute 

"  p.  Grotb,  I.  0.,  p.  461.  «  P.  Groth,  I.  o.,  p.  *6a. 
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of  a  twiu  structure.  These  are  usually  deposited  with  correspoadiii); 
oues  of  pachnoUte  in  a  wholly  irregular  manner  npon  the  low  crystals 
of  pachiiolit«  forming  the  main  portion  of  the  walls.  The  rejecting 
surfaces  of  the  massive  product  show  under  the  leus  distinctly  rhombic 
facets  or  striated  planes;  and  thin  sections,  which  reveal  the  character- 
istic twinning  of  pachnoltte,  afford  no  reason  for  suspecting  the  pres- 
ence of  thomsenolite  here  in  any  considerable  quantity. 

The  statement  already  made  for  a  'tingle  case  (p.  61)  is  probably  true 
tor  all  caBes  where  thomsenolite  has  been  noticed,  viz.,  that  it  is  later 
in  formation  than  the  greater  part  of  the  pachnolite,  although  the  latter 
mineral  is  nsually  present  in  a  second  generation,  as  contemporary  with 
the  thorn senolite.  ^o  chemical  identification  has  been  possible,  but  the 
Dearly  square  section,  perfect  basal  cleavage,  and  absence  of  twinning 
are  ander  the  circamstances  qnite  sufBcient  proofs. 

In  many  cavities,  arising  from  both  modes  of  decomposition  of  the 
cryolite,  a  second  series  of  minerals  has  been  deposited,  chiellyasa 
whitish,  easily  crumbling  aggregate  of  minute  crystalline  grains,  n-hich 
are  recognizable  under  the  microscope  as  thomsenolite,  pachnolite,  and 
a  mineralof  the  isometric  system.  The  difference  in  habit  of  the  former 
.  two  species  is  here  quite  plain,  for  some  of  the  little  crystals  of  thom- 
senolite are  doubly  terminated  and  show  distinct  monocUnic  symmetry 
iu  spite  of  the  square  section,  tfarongh  the  more  prominent  develop- 
ment of  the  negative  pyramid,  while  pachnolite  seems  perfectly  rhombic 
in  form,  through  its  twioDiug. 

BALSTONTTB. 

Pbobable  Identification. — This  rare  species,  originally  described 
by  Brush,"  from  microscopic  crystals,  has  been  more  definitely  detjr- 
mined  by  Qrothand  Brand!.  Its  chemical  composition  is,  according lu 
Brandl,  expressed  by  the  formula  3N^aF,  lAlFj,  H,0,  a  small  part  of 
thesodium  being  replaced  bycalcium.  Tbecrystalsareof  theisometric 
system,  and  reinvsent  the  cube  modified  by  the  octahedron. 

Groth's  description  of  the  occurrence  of  the  mineral  agrees  veiy 
closely  with  that  of  the  isometric  mineral  mentioned  above  as  appearing 
with  a  recent  generation  of  thomsenolite  and  pachnolite.  The  cryetiiJs 
here  found  are  transparent  cubes  whose  corners  are  replaced  by  small 
octahedron  faces  and  seldom  reach  a  diameter  of  l*"",  while  sinking  to 
microscopic  size.  Some  erj'stals  of  pachnolite  seem  by  a  low  magitifv- 
ing  power  to  be  coated  by  a  crystalline  dost  whose  particles  are  found, 
by  applying  a  high  power,  to  be  most  perfect  little  crystals  of  the  form 
jnst  mentioned.  These  sometimes  unite  to  form  a  crust.  TSo  matetinl 
for  a  chemical  test  could  be  secured,  but  the  analogy  in  form  and  occur- 
rence is  so  complete  that  scarcely  a  doubt  can  exist  of  the  identity  of 
these  beantiful  little  crystals  with  the  species  ralstonite,  although  au- 
other  mineral  of  the  same  erystjil  system  is  now  to  be  described. 
»»G.  J.  B^uhTAm.  Joiii^. 8ci.,  Ill,  11, 30, 18J1. 
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Just  at  the  close  of  our  investigations  a  miQcmlwas  fouad,  occaning 
K|>ariDg]y  iu  a  few  speciineDS,  wbich  seems  to  be  very  (liffereot  from  any 
known  species.  It  was  fonud  in  small  cavities  in  the  massive  pacbnO' 
lite  as  a  compact  irregalar  mass,  colorless  bat  not  perfectly  clear,  and 
exhibiting  but  seldom  traces  of  crystalline  form.  In  one  specimen,  how- 
ever, tlie  mass  of  the  mineral  was  covered  by  small  roanded  crystal-like 
projections,  which  seemed  like  crystals  of  the  isometric  system.  An  ex- 
iiminntion  with  a  loupe  showed  the  absence  of  recognizable  faces,  but 
Ktich  particles  when  broken  off  and  tested  under  the  microscope  proved 
to  be  ftilly  isotropic.  A  few  faces  found  on  one  crystal  seemed  to  belong 
to  cube  and  octahedron,  and  particles  detached  from  the  same  are  iso- 
tropic in  action  in  polarized  light.  Supposing  that  this  substance  must 
he  ralstonite  in  exceptional  devetopment,  enough  material  for  the  fol- 
lowing partial  chemical  analysis  was  selected,  being carefnlly  freed  fh)m 
iittached  particles  of  pachnolite  and  other  anisotropio  minerals  by  mi- 
croscopical esamination.  The  Al,  Ca,  and  Ug  were  accurately  deter- 
mined, the  K  and  Na,  owing  to  an  nnfortanate  mishap,  only  approxi- 
mately. No  water  eoold  be  detected  by  direct  test  upon  a  small  portion. 
Fluorine  was  present  in  quantity,  and  the  percentage  given  below  is 
calculated  on  the  assumption  that  the  metals  are  f^lly  combined  with  it: 
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From  this  analysis  may  bo  derived  a  formula  analogous  to  that  of 
cryolite,  iu  which  about  two-tfairds  of  the  sodium  is  replaced  by  potas- 
sium. 

The  imperfections  of  the  above  analysis  do  not  allow  of  de&uite  oou- 
clusions  as  to  the  composition  of  the  mineral,  but  it  is  nevertheless 
widely  different  ftom  any  known  mineral  species,  while  the  parity  of 
the  substance  is  shown  by  its  isotropic  action  in  polarized  light.  Since 
the  original  description  of  the  mineral^  the  locality  has  been  revisited 
in  the  hope  of  obtaining  more  material,  but  the  spot  was  at  the  time 
inaccettsible,  so  that  we  can  offer  no  further  data  concerning  this  iuier- 
esting  new  ijt>ecies.  We  wish  to  proi>ose  the  name  etpasolite  for  it,  from 
the  (»>unty  El  Paso,  which  embraces  the  greater  part  of  the  Pike's  Peak 
region.  Further  investigations  as  to  the  properties  <^the  mineral  will 
be  madu  a.t  soon  as  material  can  be  procured. 


*A)n.  Joui.  Sci,,  m,  XXVI,!J6 
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GEABKStmTB. 

General  Description.— This  miDeral,  first  observed  by  nage- 
maD*'  on  compact  thomsenotite,  and  described  as  eartby  aod  kaolin- 
like  in  aspect,  dnll  white,  opaque,  and  of  hardness  2,  seems  to  be  so  rare 
in  connection  with  the  Greenland  fiuorides  that  no  one  has  had  mate- 
rial for  further  examination.  Grotfa^  found  it  in  very  small  qnautit; 
among  the  minerals  at  his  disposal,  bnt  could  not  obtain^  enon^rh  for 
analysis.  He  found,  however,  that  it  consisted  of  very  minot^*  micro- 
scopic needles,  with  oblique  extinction,  and  considers  it  as  undoubtedly 
a  definite  species. 

Among  the  minerals  from  St.  Peter's  Dome  gearkantite  is  quite 
abundant.  Tt  is  not  formed  fhim  other  minerals  by  molecnlar  replace- 
ment,  but  is  deposited  from  solution  in  cavities  upon  fresh  crystals  of 
pachnolite,  etc.  The  smaller  cavities  are  sometimes  filled  by  it,  and  on 
the  contact  with  the  qoartz  it  is  specially  developed. 

In  appeanvncc  it  corresponds  closely  tp  the  description  of  the  Green- 
land mioeral  a«  given  by  Dana,  the  resemblance  to  the  purest,  finest 
kaolin  being  especially  remarkable.  Examined  microscopically,  gewk- 
sutite  is  seen  to  consist,  as  8tate«l  by  Qroth,  of  exceedingly  minute 
colorless  needles,  the  average  length  of  which  is  less  than  O.O^i'i'  and 
the  thickness  less  than  0.002°"",  and  apparently  possessiug  oblique 
extinction. 

Chemical  Intestigation. — Gearksutite  was  found  by  Bagemaon 
(I.  c.)  to  possess  the  following  composition  : 


An  examination  of  the  above  resnlts  shows  that  the  atomic  ratio  of 
Al :  Ca+Na» ;  F  is  1:1:4,  instead  of  1:1:5,  which  would  reprexent  com- 
plete saturation  and  require  atwut  12  per  cent,  more  fluorine  thiin  \\-.in 
found.  On  the  osaninptioD  that  the  missing  tiuoriue  is  rf  placed  in  tlif 
mineral  by  oxygen  or  hydroxyl,  there  should  appear  a  much  greater 
loss  than  the  analysis  indicates.  An  error  is  therefore  evident,  prob- 
ably in  connection  with  the  determination  of  the  fluorine  or  of  the 
water,  or  both,  in  conseqaence  of  which  the  constrnction  of  a  aatisfae- 
ioty  formula  has  heretofore  been  impossible. 

The  material  for  the  following  analyses  was  first  partially  crushed, 
then  freed  fVom  admixed  heavier  particles  of  foreign  natter  by  tritu- 
rating in  a  beaker  with  water,  the  impurities  falling  to  the  bottom  of  the 
vessel,  while  the  light  gearksutite  remained  suspended  in  the  liquiii 


"  DoDa,  5yst«iD  of  MtDemtogy,  5tli  nd.,  p.  130. 
"Oroth.  I.  c,  itp.im,AHl. 
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and  was  removed  by  decantatioo.  By  repeating  tbui  operation  a  gieat 
many  times  a  product  was  finally  obtaiued  entirely  &ee  from  all  fomgn 
admiztare.  It  was  allowed  to  settle  completely,  tbe  supernatant  liquid 
poured  off  and  tbe  residue  dried  first  on  tbe  water  bath,  then  at  100° 
G.  Thoroagh  palverization  of  this  residue  is  a  difflcalt  matter,  us  it 
flattens  oat  under  tbe  pestle,  forming  flakes  wbicb  strongly  resist  tbe 
polverizing  action.  This  is  of  little  moment,  however,  since  the  flakes 
are  so  spongyas  to  offer  no  hindrance  to  attack  bysulpburicacid.  Two 
analyses  were  made  from  the  same  sample,  with  the  results  tabulated 
below.    In  b  sodiam  and  potassium  were  not  determined : 
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Taking  tlie  flgaies  in  tbe  third  column  and  combining  the  fluorine 
with  the  calcium,  sodium,  potassinm,  and,  as  far  as  possible,  with  tbe 
alamininm,  there  remains  of  tbe  latter  6.35  per  cent.,  reqniring  4.76 
per  cent,  of  oxygen,  an  amount  agreeing  very  well  with  that  obtained 
above  by  difference  and  making  the  sum  total  almost  exactly  100: 

22. 30  Oa  requires  21. 18  F. 

0. 10  N»  requires  0. 08  F. 

0. 04  K  requires  0. 02  F. 

9.  65  Al  requires  20.  70  F. 

10. 11  AUO,  — — 

]6.46H,0  42.07 
42.07F 


The  agreement  of  the  above  analysis  with  that  of  Hagemann,  after 
substituting  in  the  latter  for  the  sodium  its  equivalent  in  caldnm,  is 
very  close,  with  tbe  single  exception  of  the  water.  As  his  analysis  was 
manifestly  erroneous  in  some  parlicnlar,  the  assumption  of  the  identity 
of  gearksutite  with  tbe  mineral  here  discussed  is  fully  justified,  sup- 
ported as  it  is  by  tbe  similarity  in  occurrence,  appearance,  and  physical 
characteristics.  Hia  error  would  then  consist  in  baviug  obtained  fixim 
4  to  6  per  cent,  too  much  water,  a  result  not  difiScult  of  explanation  in 
(277) 
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the  case  of  a  bydrated  fiaoride,  if  do  precantion  vas  taken  to  preroit 
the  eecape  of  flaorine. 

SabstitutiDg  iu  the  mean  of  analyses  a  and  b  fbr  sodimn  and  potiw- 
siam  their  equivalent  of  calciam,  and  divJdlnir  the  percentages  by  the 
atomic  weights,  the  atomic  ratio  is  found  to  be  as  given  below: 

Al 15.20-^27=0.563 

Ca 33.41-i- 40=0.560 

H,0    ...15.46-^18=0.859 

0 4.76-1-16=0.297 

F 42.07-4-19=2.214 

The  ratio  of  Al :  Ga :  F  is  here  nearly  as  1 : 1 : 4,  the  same  as  fonnd  by 
Hagemann.  Subtracting  &om  the  atomic  value  for  water  an  amount 
0.297  equal  to  that  for  oxygen,  in  order  to  form  with  the  latter  hydrozyl, 
the  result  is  ao  given  in  the  first  column  below,  while  in  the  second  ap 
pears  ih.6  ratio  refened  to  ealciom  as  unity. 

Al 0.663       1.005 

Ca 0.560        1.000 

H,0 0.562        1.004" 


30 ...  0.594        1.061 

P 2.214        3.954 


*«!-« 


It  will  be  seen  that  by  combining  hydroxyl  and  fluorine  the  ratio 
Al  :Ca:  H}0 :  (F,OH)  is  1 : 1 : 1 :5,  and  the  formula  for  the  mineral  becomes 
CaFi,  A1(F,  OH)3,  HtO,  in  which  the  fluorine  and  hydrozyl  combined 
with  the  aluminium,  stand  nearly  as  2:1.  Were  the  latter  proportion 
exactly  fulfilled,  the  formula  might  be  written  3CaF^  2AIFs,  AlfOH)* 
3H:0,  requiring  the  percentages:  Al  15.17,  Ca  22.47,  F  42.69,  O  4.50, 
HiO  15.17=100.00. 

Of  the  15.46  per  cent,  of  water  found  by  analysis,  5.35  per  cent,  has 
been  considered  in  tbe  foregoing  as  basic.  ^Vhile  thia  tiinount  may,on 
theoretical  grounds  alone,  enter  into  the  inner  constitution  of  the  min- 
eral ns  basic  water,  the  remainder  cannot,  but  must  be  water  of  crystal- 
lization. That  a  portion  of  the  water  is  basic  is  rendered  more  than 
pi-obable  by  the  fact  that  at  300°  C.  some  is  still  retained.  In  this  con- 
nection the  following  experiments  were  made:  0.5677  gram  of  tbe  min- 
eral, not,  however,  from  the  same  sample  as  that  used  for  analysis,  dried 
first  at  100°  C.  and  contained  in  a  platinum  crucible,  was  exposed  in  an 
air  bath  daring  145  hours  to  temperatures  ranging  from  100°  C.  to  300° 
0.,  the  weight  being  taken  at  intervals  averaging  10  hours  each.  The 
results  in  brief  showed  that  at  145°  C.  the  loss  was  but  0.35  per  cent,  at 
230°  G.  only  0.02  per  cent.,  at  260°  G.  7.02  i)er  cent.,  after  prolonged  heat- 
ing at  265O-270O  0. 9.49  per  cent.,  and  at  295©  C.  13.92  per  cent.  As  no 
further  loss  occurred  after  six  hours  heating  at  296°-300°  C,  a  portion 
of  the  residue  which  still  retained  its  original  appearance  was  subjected 
to  a  quantitative  test  for  water,  of  which  1.76  per  cent,  was  fonnd. 
(278) 
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Tlii»  acliled  to  the  13.02  per  ceot.  drivdu  off  below  300°  G.  made  tbe 
'  total  I5.C8  per  ueut.  Since  this  is  slightly  higher  than  the  mean  of  the 
)>reviouH  re8ult«,  it  seemed  possible  that  some  flaorioe  might  have  es- 
caped. The  remainder  of  the  reeidae  was  therefore  tested  qnantita- 
tirely  for  Anoriue,  of  which  was  foand  40.60  per  cent,  tbns  apparently 
proving  the  oorreotness  of  the  surmise.  A  similar  experiment  with  tbe 
bame  general  results  was  made  njwn  a  smaller  portion  of  another  sample. 
A  comparison  of  tbe  tal\  revolts  of  both  experiments  showed  that  by 
safflciently  prolonged  heating  at  approximately  270°  C.  all  tbe  water  of 
crystalliKation  coald  be  driven  off;  also  that  by  still  further  heating  at 
little  if  any  higher  temperatare  the  basic  water  began  to  escape,  bat 
was  not  entirely  expelled  even  after  many  boors  exposure  to  a  tempera- 
tore  of  2960-3000  0. 

While  these  experiments  cannot  be  considered  as  affording  any  con- 
clusive proof  that  the  water  in  this  mineral  is  to  be  reckoned  as  water 
of  crystallization  and  basic  water  in  the  above  given  proportions,  since 
at  the  point  when  the  last  of  the  former  is  driven  off  by  heat  some  of 
the  latter  appears  also  to  escape,  still  the  belief  that  this  should  be  done 
is  a  natural  one  and  is  supported  by  the  fact  (which  may  possibly,  how- 
ever, be  merely  the  result  of  accident)  that  by  so  doing  the  ratio  of  cal- 
clnm  to  water  of  crystallization  is  exactly  1:1,  while  if  all  the  water  is 
assumed  to  be  water  of  crystallization  tbe  ratio  is  1:1.534  or  2:3.068. 

EiTiQioKiTE. — In  the  Journal  of  the  Chemical  Society  for  1883,  p. 
140,  Walter  Flight  describes  a  miners  obtained  from  the  cryolite  bed 
of  Greenland.  "It  is  made  op  of  s  congeries  of  minute  white  trans- 
parent crystals,  mostly  broken  up  and  lying  entangled  among  each  other 
in  every  sort  of  direction,  which  gives  the  mass  an  appearance  of  opacity 
much  resembling  that  of  kaolin  or  chalk." 

Chemical  analysis  showed  it  to  consist  of— 
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The  fluorine  seems  to  have  been  calculated  for  the  metals,  and  the 
water  was  foand  by  difference. 

From  the  above  data  the  author  obtains  the  formula  2GaFi,  AljFg, 
2HiO,*'  and,  considering  the  mtoeral  new,  names  it  evigtob  ite. 

Mr.  Flightseems  to  have  overlooked  the  description  of  gearksntite  in 
Daoa^s  System  of  Mineralogy  and  Professor  Uroth'n  remarks  npon  the 
same  (1.  c.,  pp.  481  and  493),  else  the  very  fair  agreement  of  bid  analytical 
data  for  the  metals  with  those  of  Hagemaim,  and  tbe  similnrity  of  oc- 


"  Probably  a  printer'a  error.    II  should  raad  aCaFj,  A',Ffc  HgO. 
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cnrreace,  appearance,  and  pbjsical  characteristics  of  the  two  minerals, 
'  maat  have  led  to  at  least  a  saspicioD  of  their  identity.    There  can  hardly 
exist  a  dotibt  that  Flight  has  analyzed  gearkaatite  and  that  the  name 
evigtokitti  in  therefore  to  be  dropped. 

PBOsoprrB. 

OccuEasiNOE. — This  rare  apexes,  hitherto  noobserred  in  assoeiatkn 
with  the  cryolite  minerals  and  known  only  in  oonnection  with  the  tin- 
beariug  veins  of  Altenberg  in  Saxony,  has  been  idmitifled  at  Bl.  Petard 
Dome. 

Both  of  the  coarsely  crystalline  specimens  of  paclmolite,  above  de- 
sciibed  as  A  and  B,  have  prosopite  upon  them.  Speoimen  B  is  in  parts 
id  process  of  alteration  to  a  doll  white  anbstance  wiHi  little  cavitaesiD 
which  are  minute  crystals  of  prosopite.  These  am  colorless,  tmaf^wr- 
ent,  tabular  in  shape,  agreeing  exactly  in  form  and  t^tieal  behavior 
with  those  determined  as  prosopite  by  chemieal  analyaie.  Intwootiier 
si>ecimeua  of  pacbiiolite  proeopite  tablets  may  be  seen  apon  certain 
giauuUr  surfaces  when  decempositiou  of  the  paohnolite  has  ^ready 
began.  The  crystals  are  usually  attached  by  the  prismatio  edges, 
allhough  free  and  perfect  terminations  are  to  be  found.  Oeu'kBiitite 
was  noticed  upon  them  in  one  specimen  and  Uie  position  <:^  prosopite 
ill  the  series  of  hydrous  fluorides  is  doubtless  between  th(RDaeB<riite 
and  gearkautite.  Ko  material  for  chemical  tests coald  be  proooredfrein 
the  specimens  described. 

The  penetration  of  the  fluoride  moss  by  astrophyllite  tdadea  spting- 
iiig  from  the  side  of  the  vein  has  been  mentioned  (p.  43).  Here  the 
cryolite  has  been  altered  to  cellular  pacbnolite,  according  to  the  first 
motle  described,  and  this  has  for  the  greater  part  given  way  to  othra- 
jiroducts  and  been  dissolved  and  carried  away,  leaving  the  astrofdiyl- 
lite  bliidca  more  or  less  free  or  imbedded  in  gearksntite  and  other 
Huft,  crnrnbliug  material.  The  fiaci  blades  usually  have  a  coating  com 
posetl  of  a  little  purplish  flnorlte,  and  over  this  a  nearly  colorless  or 
slightly  yellowish  substance.  At  and  toward  the  base  of  the  astrophyl- 
lite blades  the  latter  is  present  in  roundish  aggregates  made  up,  as 
shown  by  the  lens,  of  clear  tablets,  in  more  or  less  radiate  arrangement 
The  crystal  form  is  here  quite  obscure,  but  the  general  appearance  was 
so  suggestive  of  prosopite  that  by  sacrificing  the  best  specimen  enough 
material  was  obtained  for  determination  of  the  bases  and  of  flnoriue, 
with  the  result  given  below,  XXXVI,  p.  64. 

Adjoiuing  the  quartz  in  the  Eureka  mine  is  usually  an  irregular  zone 
of  purplish  or  greenish  fluorite,  and  next  to  this  a  rather  coarsely  grsn 
ular  mass  of  a  colorless  mineral,  with  two  distinct  cleavage  planes, 
which  passes  gradually  into  the  compact  white  substance  beyond.  IMs 
zonal  arrangement  is  not  without  exceptions,  for  botJi  granblar  and 
compact  masses  come  directly  in  contact  with  tbeqaarte  in  some  speci- 
mens, and  flnorite  is  more  or  less  abundantly  sprinkled  tbron^  the 
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other  eobstances ;  in  fact,  tbe  relatioa  of  the  mineralB  to  each  other  is 
xnvli  as  to  indicate  that  they  are  bat  differeDt  phases  of  alteration  from 
a  coiiiinoii  source.  The  granular  mineral  occurs  in  snfflcient  purity  to 
iiffonl  material  for  chemical  analysis,  and  its  individuals  are  large 
oiiough  to  admit  of  the  preparation  of  thin  sections,  with  definite  rela- 
tions to  the  cleavage  planes.  Tbe  analysis  first  proved  the  identity  of 
tbia  mineral  with  prosopite,  the  optical  properties  shown  by  the  thin 
sectioti  oouflrmetl  this  determination,  and  a  few  minnt«  crystals  were 
funud  in  one  specimen,  which  agree  with  the  published  data  on  the 
Saxon  mineral.  As  the  identification  of  this  rare  species,  particalarly 
iu  its  present  association,  is  a  matter  of  considerable  interest,  we  will 
describe  it  somewhat  in  detail. 

CBY8TAI.IJKB  FoBH  AND  Phtbioal  Pbopebties.— The  miontc  crys- 
tals observed  are  all  of  the  habit  shown  in  Fig.  11  of  the  plate.  This  is 
from  »  camera  lucida  drawing  of  s  crystal  measuring  0.fi°™  normal  to 
the  edge  of  the  prism,  and  can  therefore  make  no  pretensions  to  crys- 
tallographio  accuracy.  Tbe  crystals  are  colorless  and  transparent,  have 
nniformly  a  tabular  form  through  the  development  of  co  P  Sb ,  and  show 
painl|y  the  prism  and  two  pyramids,  which  may  be  considered  as  P  and 

—  2  P  2,  for  extinction  takes  place  nearly  or  qaite  parallel  to  the  edge  of 

—  2F%  which  ia,  according  to  Des  Cloizeaoz**  and  Oroth,*"  the  positjon 
of  tbe  bisectrix. 

Thiu  sections  prepared  as  nearly  as  possible  perpendioalar  to  tbe 
edge  of  the.two  cleavage  foces  in  tbe  irregular  granular  individuals, 
show  that  the  angle  of  the  cleavage  planes  is  very  nearly  136°,  and 
t  hilt  extinction  takes  place  parallel  to  the  direction  bisecting  that  angle. 
Tills  behavior  agrees  perfectly  with  tbe  statements  concerning  proso- 
pite,  according  to  which  tbe  chief  cleavage  is  parallel  to  — 2  P  3,  the 
tingle  of  which  is  about  134<3.  ThA  present  material  does  not  allow  of 
u  definite  settlement  of  the  question  of  the  crystalline  form  of  proso- 
jitte,  but  nothing  observed  is  in  conflict  with  the  reference  to  the  mono* 
ulinic  system. 

Cbguical  iNVTiBTiaATTOK. — The  tbrmnla  deduced  by  Brandl**  for 
proBc^te,  from  the  results  of  bis  analysis  as  here  given — 
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is  Ca  Fi,  2A1  (F,0H>3.  The  whole  of  the  water  ia  axgnmed  to  be  basic, 
eatering  with  oxygen  into  the  constitation  of  the  miDeral  a8  hydroiTl, 
the  latter  replacing  an  equivalent  amoant  of  flnorine.  In  snppdrt  of  this 
asBumption  Brandl  mentions  that  no  losa  is  perceptible  below  260=>  C. 

Id  &d  earlier  partial  analysis  Sf^heere^  (Pogg.  Ann.,  CI,  p.  361 )  foond 
Al  22.77,  Oa  16.41,  H,0  15.60. 

Of  the  analyses  taba]at«d  below,  those  nnder  XXXII,  XXXIII, 
XXXI Y,  and  XXXV  were  made  apon  material  from  vein  B.  Tbat  ana- 
lyzed under  XXXII,  a  and  b,  was  composed  of  comparatively  larfe 
irregular  crystalline  pieces  showing  do  visible  impurity  whatever,  having 
a  specific  gravity  at  23<^  0.  of  2.880  and  a  hardness  of  abont  4£.  As 
the  ratio  Al :  Ca  differed  materially  frum  that  of  2:1,  required  by  BraodTe 
formula,  it  appeared  that  some  foreign  matter  most  be  present,  conse- 
quently no  ftirther  determinataons  were  made,  as  it  was  hoped  better  ma- 
terial might  be  obtained. 

Aoalysia  XXXIII  was  made  upoD  material  separated  from  quartz, 
Eircon,  fluorite,  and  other  accompanying  minerals,  by  a  solution  of  iodide 
of  mercury  in  iodide  of  potassium.  The  result  was  a  alight  improvi'- 
ment,  and  the  analysis  was  completed.  The  material  for  XXXIV  was 
picked  out  carefully  by  hand  with  the  aid  of  a  lens,  but  as  the  result 
was  still  unsatisfactory,  a  forther  portion  (XXXV),  aggregating,  how- 
ever, only  0.1022  gram,  was  selected  with  the  greatest  possible  care, 
every  particle  being  distinctly  crystalline,  and  showing  under  the  mi- 
croscope no  trace  of  impurity.  Here  a  slight  improvement  becomes  evi- 
dent in  the  ratio,  bat  as  the  amount  taken  for  analysis  was  so  extremely 
small,  it  cannot  be  asserted  that  the  better  results  may  not  be  due  to 
unavoidable  errors  of  analysis.  The  material  for  anaiysis  XXXVI  was 
derived  fh>m  thecrystals  occurring  on  astropbyllite.  This  material  was, 
however,  evidently  not  quite  pure,  being  opaque  and  very  slightly  col- 
ored in  part  by  oxide  of  iron.  The  analysis  was  made  merely  to  prove 
its  identity  with  Ihe  prosopite  of  the  other  occun^eoce. 
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The  mean  of  analyses  XXXIl-XXXV  is  as  foUovs : 
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After  subtracting  from  the  fluorine  an  equivalent  for  the  calcinm, 
mftgDesiam,  and  sodium,  and  combittiug  tbe  remaiuder  witb  aluinimDin, 
there  remaina  of  tbe  latter  14.39  per  cent.,  reqiiiriog  12.79  per  cent,  of 
oxygen,  ioatead  of  13.il  per  ceut.  found  by  difference.  The  atomic 
values  appear  as  follows,  after  substituting  for  magnesinin  and  aodiiAn 
an  equivalent  of  calcinm : 

Al 22.02-^27=0.815 

Ca 17.98-^40=0.449 

F 33. 18-j-19=1.746  j 

H,0  . . . .  13. 46^18=0.  748  I        ^-  f  3. 293 
0 12.79-^16=0.799  1     '■»*') 

Tb?  result  is  unsatisfactory,  the  ratio  of  Ca:  At  being  1:1.81  iustead 
of  1:2.  In  none  of  the  material  analyzed  was  the  slightest  traee  of  kiio- 
Ihiization  to  be  observed,  nor  any  other  foreign  matter.  It  therefure 
becomes  impossible  to  explain  witb  any  degree  of  certainty  the  above 
abnormal  results. 

The  general  agreement  of  all  the  analyses,  tbe  aluminium  being 
found  too  low  and  the  calcinm  too  high  in  each  cas^,  shows  pretty  con- 
clasively  that  an  explanation  cannot  be  sought  for  in  atialytical  errors. 

As  floorite  occurs  here  always  in  uio»t  intimate  association  with 
prosopite,  and  tbe  possibility  suggested  itself  that  some  of  this  might  be 
80  intergrowQ  with  the  latter  as  to  escape  the  closest  scrutiny,  it  be- 
came desirable  to  ascertain  what  change  would  l>e  effected  in  the  ratio 
above  given  by  subtr  cting  enough  calcium  to  make  tbe  ratio  Ca :  Al  as 
1 : 2,  and  an  equivalent  amount  of  finorino.  The  atomic  values  then  be- 
come: 

Al    .    ...0.815  2.00 

Ca 0.408  1.00 

HO 1.547r-" 

which  a^roe  nearly  as  well  for  tbe  formula  Ca,  A)}  (F,  OH)s  as  those 
obtained  by  Brandl. 

If,  insteadofthemeanof  all  tbe  analyses,  tbe  figures  of  XXXIII  alone 
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are  taken  for  calculations  Btmilar  to  the  above,  tbe  resalt  ie  tlie  same, 
even  a  little  more  closely  approxiuiatiDg  to  tbe  ratio  2:1:8. 

Tbe  proflopite  is  macL  less  readily  attacked  by  snlpbaiic  atAl  tfaau 
the  othtT  fluorides  described,  and  nuless  tl^e  pulv^zation  is  rery 
thorough  a  small  portion  is  generally  left  nndecomposed  evwi  by  bdl 
ing  acid.  To  this  faut  may  possibly  be  dae  tbe  deficit  of  nearly  2  per 
cent,  in  fluortno,  as  comj)ared  iritli  Brundl's  reanlts.  On  the  assamptioii 
that  3d  represents  more  nearly  than  33.18  tbe  true  percentage  of  floor- 
iue  iu  tbe  mineral  analyzed,  tlie  ratio  uf  water  to  required  oxygen  after 
.wmbiuing  all  flaorioe  in  1 : 1.005,  instead  of  1.06S.  Allowing,  then,  for 
possible  admixt<ire  of  fliioHtu  as  above,  the  ratio  Al:Ga:F+OH  ii 
2.00 : 1.00 : 7.09,  almost  exactly  3:1:8. 

The  observation  made  by  Bnmdl  that  below  200°  C  no  loss  id  w«gbt 
o{!cnrs,  was  fonnd  to  apply  here,  provided  tbe  exposure  to  this  degre  > 
of  temperature  is  short.  If  continued  for  many  bonrs  a  slight  but  sei- 
sible  loss  is  observed. 


GE^EBAL  OcCDRBKNCB. — Zircou  is  One  of  the  most  widely  distrll  - 
uted  minerals  of  tbe  region,  occurring  as  an  associate  of  nearly  all  other 
8)>ecies  iu  veins  and  druses  and  also  impregnating  tbe  granite  itael  . 
Eonig"  lias  de^c^ibed  it  na  an  associate  of  astrophyllite  and  as  intei 
grown  with  microcliue.  In  its  usual  form  it  is  brown  or  nearly  blac'. 
iu  color,  nod  has  only  tbe  ground  pyramid  and  corresponding  priso  . 
the  latter  quite  suboidiuate.  Kouig  identiSed  tbe  baaal  plane  01, 
and  it  seems  to  appear  in  very  minute  form  upon  crystals  of  all  modt  • 
of  occurrence  though  on  comparatively  few  from  each  place.  Somi . 
times  tbe  zircon  crystals  are  more  than  an  inch  iu  diameter,  sacrificiD  ' 
pcrt'ectiou  to  ^ize,  as  there  ia  commouly  more  or  less  distortion  of  angle  • 
and  nneveunetis  of  surfaces  in  sncb  iiidividuiils. 

ZiBcoN  piiOM  THE  EoBEKA  TUMNEL. — Reference  baa  already  bee  i 
made  in  describing  the  occurrence  of  cryolite  to  the  mutual  relations  cf 
the  diflerent  parts  of  the  irregular  vein  iuto  which  tbe  Kiueka  tnnni.' 
bus  been  driven.  The  part  containing  zircon  is  but  small,  comparatively , 
and  is  sharply  defiued.  It  evidently  represents  a  contemponmeoa  i 
formation  of  quartz,  zircon,  and  microcliue.  Zircon  crystals  varying  i  i 
size  from  Iims  tliau  l""  to  i""  are  very  plentifully  and  uniformly  seal 
tered  throughout,  wliile  small  patches  of  reddish  microcliue  were  als  > 
included  iu  the  more  abnudant  quartz  and  themselves  inclosed  nomei 
small  ziriMus.  The  ocdurreuce  is  noteworthy  from  the  perfection  iii 
form  and  tbe  transparency  of  the  zircon. 

Tbe  zircon  crystals  imbedded  in  qnartz  arc  sometimes  perfect,  bat  iu 
most  cases  the  formal  development  has  been  hindered  by  the  sorrotuid- 
ing  mineral,  prodncin<r  striated  or  distorted  faces.     These  cryatalit, 

«  O.  A.  KSdik,  Zeitochrirt  fUr  Erjat Allograph ic,  I,  4S3, 1(177. 
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too,  u«  mnch  Rhaltered  by  the  jars  of  Itae  blasting  and  tbe  blows  iieees- 
sttry  iu  breaking  up  Uie  Urger  pieces.  Those  smaUer  ci-ytitals  deposited 
in  tbe%Qicroeline  were  uble  to  develop  IVeely  and  they  are  uow  tiJiiQd 
imbedded  in  pnre  White  kaolioite  or  »  compact  yellowish  mica— ^the 
alteration  prodaots  of  the  original  mierocline,  some  of  which  is  yet  viBi- 
ble.  The  uatore  of  the  surrounding  material  has  protected  these  crys- 
tals from  jars  and  also  makes  it  possible  to  isolate  siugle  oues,  abso- 
lutely anharmeal,  for  exaininatiou.  The  color  varies  from  a  rich  reddi^ 
brown  to  a  light  wine  oi'  houey  yellow  sbade.  A  ft^w  niiuute  oryetaU 
are  of  a  deep  emerald  green  and  spots  of  similar  color  were  noticed  in 
some  pinkish  crystnla.  While  a  few  are  really  gcinu  iu  clearness  and 
color,  they  are  usually  of  tbe  aoiatlest  size,  and  are  thiise  fonnd  in  tliu  . 
kaolinite  or  mica. 

Tbe  common  habit  of  all  crystals  is  pyniuiidal,  tbe  prisms  being  iil 
ways  sabordinate  when  they  appear.  Tbe  forma  deicrtnined  wtib  cer- 
tainty are  P,  3P,  OP,  3P3,  <x>  P  and  x  Poo .  The  rare  face  OP  is  inuib 
less  frequently  developed  than  an,^'  of  the  others,  but  it  was  obaervi-d 
distanctly  on  at  least  twenty-Bve  crystals.  Be[>cated  measurements  on 
different  crystals  of  the  angle  OP/\P  give  results  varying  Icks  lb:in  o' 
from  the  calcnlat^  value  [ISl^tW).  Between  OP  and  P  is  a  low  pyra- 
mid appearing  quite  constantly  with  OP,  which  forms  an  angle  of 
164°  W  with  P.  This  corresponds  very  nearly  to  i|P,  The  angtu  Ik-- 
tween  this  fbrm  and  P  is  replaced  by  a  curved  surface  giving  an  almost 
continnons  reflection,  but  the  angle  with  OP  is  distinct.  0  P  is  often 
visible  on  but  one  termination,  bat  it  is  by  no  means  rare  to  find  it  niton 
both. 

Chemical  analysis  shows  tbis  zircon  to  be  exceedingly  pure  and  the 
specific  gravity  of  transparent  crystals  is  4.709  at  21°  C. 

XAOi^nnrs. 

The  chief  alteration  product  of  mierocline  in  the  Eureka  vein  proves 
to  be  a  verj-  pnre  kooliDlte.  Some  of  the  large  individuals  are  vbauge<l 
into  a  coniitact  white  foliate  kaolinite  in  tbe  mass  of  which  the  cleavage 
plauea  of  the  uicrocliue  are  still  indicated.  In  other  cases  a  more 
coarsely  foliate  aggregate  is  formed,  the  single  leaves  of  which  arebean- 
tifiil  transparent  crystals. 

The  smaller  patches  of  mierocline  deposited  in  the  ziroon-beoring 
quartz  are  also  changed  into  kaolinite  or  a  yellow  micaceous  mineral 
whose  analysis  accompanies  that  of  the  kaolinite  below.  Sometimes 
small  cavities  in  the  quartz  contain  single  prqjecting  crystals.  These 
are  exceedingly  thin,  colorless,  transparent,  rhombic  leaves,  the  acate  an- 
gle being  nsnally  evenly  truncated,  producing  sometimes  an  almost  |)ep- ' 
fecthexagoD.  Tbe  result  of  many  measurements  under  the  microscope 
seems  to  indicate  that  tbe  obtuse  angle  of  the  rhomb  is  slightly  less  than 
(285) 
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1200,  tilt,  best  results  varj-inK  ttom  118°  30'  to  1190  30^.  The  tkinnest 
leaTt«  show  dietioct  action  on  polarized  light  and  eztangoiBh  pai^lel 
to  the  din^nnls  of  the  rhomb.  The  thicker  crystals  are  made  up  of 
many  tablets  v'hich  are  naaally  not  perfectly  coincident  in  poaition  and 
feometitnes  form  more  or  lesti  {wrfeut  resetted.  The  kaollnite  poeacaseg 
the  coutposition  XXXVII,  and  the  niica  XXXVXII,  as  given  below. 
The  koolinite  cootaiue<l  a  small  amount  of  flnorite  Id  aUnoet  micro- 
Hcopic  crystals,  the  quantity  bviiig  calcalated  from  the  Gn  found. 


XXXVH. 

"■ 

b.        j     HMD. 

31.  fS 

0.W 

M.I2  '       M.M 
W-n'       MO 

loaw 

ato, 

(W.T.BSIUhnta  i 

^:;;;:;-;:-::;;;::"ii;i: 

Ml 

4.3 

,W.F.HUl.i™d.) 

•MR 

Oiygen  ratio  of  XXXVII : 

Al,Oi:SiO*:H,0. 
3.05 :  4.01 : 2.0:!. 

The  kaoliiiite  Las  nearly  the  theoretical  composition,  while  the  mica 
is  probably  11  variety  of  moscovite. 

PHENACITB. 

Fboh  Cbystal  Pabk. — This  niiuei-al  was  first  identified  from  tvo 
i-ryKttiU  foand  in  association  with  topaz  in  Crystal  Park,  near  Maniton. 
'  Siibseqneut  search  revealed  a  number  of  others  iir  tlie  same  p'ace,  but 
aa  they  are  inferior  to  those  originally  desciibed"  no  new  diita  can 
be  given  of  this  occurrence.  Tliu  crystals  found  are  but  fragmeats, 
representing  in  each  case  somewLat  less  than  bnlf  of  the  complete  crys- 
tal. Fig.  12  of  the  plate  represents  one  eryutal  in  about  the  natnial 
size;  another  ineasares  nearly  7™  in  longest  diameter,  and  has  the 
same  faces  developed  in  similar  manner.  In  no  crystal  do  any  faces  of 
the  vertical  zone  appear,  thus  producing  a  fiat  lenticular  habitua.  The 
forms  appearing  have  beeu  identified  us  It,— ^U,  — U  and  |P2,  and  al- 
though the  faces  are  too  rough  to  »<lmit  of  exact  measnremeata  with 
the  reflection-goniometer,  the  size  of  the  faces  and  their  simple  devel- 
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opmetit  reDder  enfficieDtly  accurate  resalts  with  the  baud  instnimeDt 
poesible;    The  angles  obtained  ad  meane  of  several  measoremeutB  are : 


Crjrt»l  *  (FiB.) 

Cryital  ft. 

IlffW 
SS<M 
HSM 

lavM 

lis  M  (D) 

ulflS, 

15S  (t  IDAS) 

1IB32  2 
I«g  £3  (B) 
IM  44  (D&S) 

S  tfA'lrrr.!™ :::. 

148  30 
I4J.144  00 

-gjlt^ 

108  M) 
JMOO 

1W4« 

Tbe  figures  of  the  third  colnmn  are  the  calculated  anglea  givL-u  fur 
phouacite  by  Dana** or  Seligmanu,^  or  else  our  own  calculations  based 
on  ilie  theoretical  values  given  by  tbem.  Tbe  agreement  between  tbe 
angles  measured  on  these  crystals  and  the  theoretical  ones  is  sufficiently 
cluse  to  justify  tbe  signs  given  to  tbe  ftoes  of  tbe  Qgures.  In  the  de- 
velopment of  the  differeat  forms  B  and— jB  are  always  promiuent, 
while  the  faceA  of  §  P2  are  variable.  One  tace  of  §  P2  on  crvbtal  b  is 
'JXi'"  broad,  although  usually  each  £Bce  of  ~(£  is  broader  tbau  both 
adjoiuiug  faces  of  f  P2 ; — B  is  sobordioate  and  the  faces  are  4]aito  rough; 
%  V2  appears  with  lis  full  complement  'of  faces.  The  roughness  of 
the  faces  is  in  part  caused  by  striffi,  which  on  —  j  E  and  ^  P2  run  paral- 
lel to  the  terminal  edge  of  B  replaced  by  those  faces.  On  B  tbe  mark- 
iugs  are  less  distinct.  These  strira  aud  partially  regular  depressions 
seem  like  natural  etching  figures,  and  bring  out  tbe  rhombobe<lral  sym- 
metry of  the  mineral  very  plainly. 

Tbe  crystallographical  determination  of  these  minerals  as  phenacite  is 
confirmed  by  all  tbe  physical  characteristics  as  far  as  observed  and  by 
the  chemical  composition.  Tbere  is  an  imperfect  cleavage  purallel  to 
OD  P2.  Both  crystals  are  clear  and  colorless,  resembling  quartz,  and 
tbe  hardness  is  nearly  or  quite  8.  The  specific  gravity  of  Ihe  crystal 
figured,  though  containing  some  impurities,  is  2.967  at  23°  0. 

Phenagite  pbom  near  Florissant.— Auother  occurrence  of  phe- 
nacite  was  discovered  during  the  summer  of  1884,  near  Florissant,  in 
association  with  tbe  topaz  crystals  described  later  on.  The  crysuds 
here  are  small,  colorless,  of  lenticular  form,  and  are  deposited  upon  or 
slightly  embedded  in  amsizon  stone  crystals,  in  the  same  manner  as  the 
topaz,  which  is  oft^u  present  side  by  side  with  tbe  pbeuacite.  None 
seen  exceed  5"^  in  diameter,  and  crystals  of  this  size  in  one  case  form 
au  almost  continuous  crust  upon  the  surface  of  a  feldspar  crystal.  More 
commonly  they  are  attached  by  an  edge,  although  occasionally  in  all 
other  positions. 


vDaaa,  System  of  Minc»log;,5tb  ed.,  p.  203. 

*°Q.  SeligmMUi,  inNeneaJfthrbach  ttir  Mineralogie,  i 
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These  Btnall  crystals,  while  preserving  the  lenticalar  fbrm  of  those 
ttom  the  first  locality,  exhibit  a  developmeot  of  several  new  fooes.  These 
can  be  determined  with  considerable  certainty  by  a  reference  to  the  ar- 
ticle by  SeligmanD,  renewing  the  crystallography  of  the  species."  All 
the  presentforms  are  mentioned  by  him  as  occnrriog  with  very  nearly 
tlie  same  relative  development  apou  the  phenacite  from  the  IlmeQ 
Mountains,  in  tite  Urals.  The  zonal  relations  are  almost  saffloient  to 
determine  the  new  faces,  althoagh  measurements  were  made  to  insure 
accuracy. 

The  new  forms  observed  are :  — 2B,  seen  in  a  few  crystals  in  good  de- 
velopment; — ^BS,  which  appears  i>romineDtly  with  six  nearly  eqnal 
f^es ;  B3,  of  which  only  three  faces  were  found  on  any  crj-stal,  and 
which  is  often  not  developed  at  all ;  cd  B  and  oo  Pi!,  appearing  as  very 
narrow  facea,  which  do  not  produce  a  prismatic  habit  in  any  catte  and 
are  often  wanting.  A  narrow  face  sometimes  seen  between  R  and  —  JR3 
is  probably  fPa." 

TOPAZ. 

Within  the  past  two  years  topaz  has  been  found  in  several  places 
wftfain  the  Pike's  Peak  region,  and  we  can  supplement  onr  original  no- 
tice" of  the  mineral  quite  materially. 

Topaz  has  been  found  in  Crystal  Park,  south  of  Manitou,  in  a  cavity 
containing  feldspars,  smoky  quartz,  zircou,  and  pheoacite;  at  the  main 
amazon  stone  locality  near  Florissant,  about  12  miles  northwest  from 
Pike's  Peak;  and,  more  plentifully  and  in  better  form  than  elsewhere, 
on  Devil's  Head  Mountain  (Platte  Mountain),  north  of  Pike's  Peak 
about  30  mties. 

GSTSTAI.  Pabx. — Of  the  few  crystals  found  in  this  locaUty  the  most 
perfect  one  measures  2.5'".  parallel  to  the  vertical  axis,  3.3™.  parallfl  to 
the  brachy  axis,  and  2.8"°.  parallel  to  the  macro  axis.  It  is  coloiiess  and 
some  parts  of  the  crystal  are  very  clear.  The  prisms  co  P  uid  eo  P2 
are  well  developed.  The  terminations  are  drnsy,  although  many  of  tJie 
prominences  are  large  enough  to  admit  of  the  determination  of  some  of 
the  foces  which  bound  thedt.  The  pyramid  2P  has  been  recognized 
with  certainty,  while  a  form  between  }P  and  P,  which  is  probably  ^P, 
and  another  pyramid  near  ZPi  are  also  preseuti.  Measurements  of  suffi- 
cient accuracy  tor  the  calculation  of  these  latter  forms  could  not  be  ob- 
tained. The  lateral  edges  of  these  pyramidal  prominences  lie  in  a  plane 
corresponding  to  the  brachydome  2  ^  m ,  and  although  that  form  does 
not  actually  appear,  the  crystal  has  a  domatic  habit.  A  rough  fbce  of 
4^00  is  present  qnite  distinctly.    While  one tenninat ion  is  more  perfect 

"0.  SeligmMin.  "  KTyBtBllugrapliiacho  Notizen,  I,"  Nenea  Jabrbncb  fUr  HiiKT«- 
logiB,  Bto.,  1830,  I,  129. 

"An  anDonn cement  of  tbts  locality  was  made  by  W.  E.  Hiddot,  Am.  Joor.  Sot., 
Hanh,  1685,  received  after  tbis  article  was  written. 

«  Am,  Jour,  Soi. ,  III,  XXiy,  p.  S82, 1S82. 
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tlian  the  other,  botti  are  alike.  Not  more  than  a  dozen  erystale  have 
been  found  in  this  locality. 

Flobissani.— The  first  specimen  identified  from  Florissant  is  mainly 
noteworthy  on  acoonnt  of  the  enormoDS  size  of  the  original  crystal  from 
which  it  came.  This  specimen  ia  bnt  a  comer  of  a  large  crystal,  the 
forms  appearing  being  two  fiu;es  of  oo  f  2,  one  of  co  P,  and  one  each  of 
2?  <x)  and  4f  cc .  The  iragment  is  about  9™  (3^  in.)  in  ita  longest  diam- 
eter, and  if  the  other  faces  were  developed  to  correspond  .to  those  here 
seen,  the  complete  crystal  mast  have  been  nearly  or  qnite  one  foot  >n 
diameter  punllel  to  the  braohy  diagonal.  It  is  clear  in  parts  and  has  a 
decided  greenish  tinge.  It  was  sappoaed  to  be  finor  spar  by  the  origi- 
nal collectors,  and  the  other  pieces  of  the  cr^'stal  are  nndoubtedly  lost. 

The  specific  gravity  of  this  fragment  ia  3.678  at  22°  0.  and  it  has  the 
following  composition: 


10.  M 

(W.  T.  Hnkbnikd.) 

M,41 

Atomic  ratio : 

Si      :     Al*. 
1.026 : 1.000.' 

Within  a  few  months  a  ftarther  discovery  of  topaz  has  been  made  near 
Florissant.  In  this  cose  the  crystals  were  foand  deposited  npon  or 
partially  imbedded  in  amazon  stone,  albite,  or  limonite  (psendomorph 
after  siderite).  Tie  crystals  seen  by  ns  u:e  deposited  npon  different 
faces  of  the  microcline  and  so  seldom  with  any  parallelism  in  position 
that  any  snch  coincidence  mast  be  considered  accidental.  In  size  the  - 
crj'Stals  vary  from  a  length  of  nearly  two  inches  to  those  which  are  al- 
most microscopic.  They  are  deposited  singly  or  in  groups  and  are  at- 
tached in  all  positions,  so  that  many  of  them  are  qoite  well  terminated 
at  both  ends.  The  forms  observed  are  as  follows:  «o  P  and  cd  ^2,  both 
polished  and  striated  j  iPcc ,  2Pcc ,  and  *P«>  ;  OP ;  2f  w  ;  P  and  |P ; 

oof 00. 

Quite  characteristic  is  the  prominent  development  of  tbe  brachydomes 
41*00  and  2Pco ,  the  former  in  paiticnlar,  the  faces  of  opposite  termina- 
tions often  meeting,  iPm  is  almost  nniformly  dull,  like  gronod  glass, 
while2Pao  is  smooth  and  brilliant,  passing  into  |Pi»  orOPbyarongh-  - 
ened  line,  ft <»  and  OP  are  nsnally  rough  throngh  minute  irr^nlari- 
ties  bounded  by  crystal  planes.  The  base  is  asoally  very  narrow  through 
the  predominanoB  of  the  brachydomes,  the  pyramidal  planes  and  the 
ma<n^ome  ate  quite  insignificant  when  present  at  all,  and  w  Poo  is  oc- 
pasionally  present  as  a  small,  smooth  fitce,  Ko  indications  of  hpmi- 
(289) 
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morphiBm  are  noticeable,  uUtiougli  the  faces  of  opposite  ends  are  eeldou 
symmtitrically  developed. 

Some  of  the  crystals  bave  a  decided  ^rireenish  tioge,  idthoagb  many 
are  colorless. 

Topaz  from  Devil's  Heab  Mountain.— The  country  embraoiug 
Devil's  Head  Mountain  is  composed  chiefly  of  the  same  granite  which 
has  been  described  in  its  occurrence  near  Pike's  Peak,  and  it  contaius 
similar  druses  of  microeliuo,  smoky  quartz,  and  other  ujnemlK.  Thi- 
topaz  fouud  here  is  the  most  noteworthy  crystallized  species,  some  of 
the  Bpecimons  fonnd  being  probably  the  best  yet  discorered  in  the  United 
States.  The  discoverer,  Mr.  W.  B.  Smith,  now  assistant  in  the  Uocky 
Moantain  division  of  the  Survey,  has  given  us  a  few  notes  on  the  man- 
ner of  occurrence  and  associations  of  the  topaz,  which  are  appended  to 
this  description,  p.  73. 

In  the  American  Journal  of  Science  for  December,  188.'),  Eev.  R.  T. 
Cross,  of  Denver,  published  a  note  auuoonciug  the  discovery  of  thin 
locality  by  Mr.  Smith.  The  specimens  obtained  since  that  time  arp 
mach  superior  to  those  first  fouud,  though  comparatively  few  in  number. 

Spedmens  from  Devil's  Head  have  fonnd  their  way  into  various  min- 
eral collections  of  the  country,  and  as  the  most  noteworthy  crystals 
passed  through  oar  hauds  we  are  able  to  give  some  details.  All  are 
colorless  or  faintly  wine-colored  and  very  clear  within,  though  marred 
by  more  or  less  rouglieuodsurrace.'i,  often  stained  by  oxide  of  iron  which 
penetrates  fissures.     Many  fragments  are  sufficiently  clearfur  cutting. 

Three  esjiecially  fine  crystals  have  been  obtained.  Of  these  the  one 
with  the  most  t>oIished  surfaces,  and  hence  the  oleareat,  weij^s  3.5 
ounces,  measuring  ^:b:  6=4.1:  4.0:  3<"°.  The  faces  »P,  co  ^2,  4Psc, 
iP  00,  OP,  §P  00,  P,  and  2P  arc  quite  well  developed,  while  a  P3,  oo  P« , 
2^00,  and  |P  are  less  prominent  or  not  present  In  full  qnota.  Bnt 
one  termination  has  definite  faces. 

The  second  crystal  weighs  5.5  ounces,  and  measures  &:  b:  6=3.7: 5.5: 
4.6°°°.  Clear  with  dull  surfaces.  One  termination  has  large  OP,  irith 
a  very  symetrical  development  of  the  faces  mentioned  above  and  2P  as. 
A  second  termination  is  formed  by  one  large  undulating  foce,  cotte- 
sponding  to  f  P,  with  OP  i\ud  single  faces  of  4^'  oe  and  2P. 

A  third  crystal  weighs  G'i  (mnces  and  measures  &:Tt  :ii  =  4^:53: 
4.6  ™.  It  has  rather  dull  surfaces  but  is  clear  within,  and  has  a  distinct 
wine  color.  One  termination  is  quite  symmetrical,  showing  the  planes 
named. 

A  number  of  the  smaller  crystals  are  very  clear  and  transparent, 
with  beautifully  polished  surface?,  iillhough  it  is  seldom  that  all  are 
smooth. 

Nearly  all  crystals  from  Devil's  Head,  Crystal  Park,  and  many  from 

Florissant,  have  been  found  detached,  some  being  badly  broken.    The 

same  is  true  of  a  large  portion  of  the  i-rystals  of  the  aeeompanyiog 
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minemla.  MovemeDts  of  the  whole  monutain  maits,  as  io  foldiag  or 
fitaltiDg,  have  probsbly  eanaed  this  detacbmeDt  and  fracture  vf  the 
cry BtaK  Partionlarly  noticeable  viUi  the  topaz,  though  alao  observed 
on  smoky  quartz,  la  the  fact,  that  all  these  old  fhictare  plaues  uni 
healed  over,  bo  to  apeak,  and  aie  now  covered  by  dmsy  surfaces  caused 
by  little  proininen<:eB  vhich  aie  boaoded  by  glistening  crystal  fHC(«. 
Au  examiiiatioD  shows  that  pyramidal  plaues  of  both  ordei's  aiv  the 
most  commoD,  the  little  elevations  resembling  those  upon  '2Px  above 
described.  When  the  fractured  plane  is  parallel  OP  there  arc  nsaaliy 
a  great  naoiber  of  the  pits  or  etching  flgoree  also  previonsly  notioed.  • 


The  name  "  Devil's  Head  "  was  applied  many  years  since  to  a  Jagged 
and  precipitous  mass  of  granite,  rising  to  a  height  of  0,348  feet,  in  the 
Colorado  range,  some  30  miles  nurtb  of  Pike's  Peak.  This  is  the  name 
by  which  it  is  still  known  locally,  though  upon  Hayden's  Atlas  it  is 
called  "  Platte  MoaDtain." 

The  granite  forming  the  mountain  is  similar  to  that  near  Pike's  Peak, 
and  the  minerals  found  occur  in  cavities  or  pockets  as  iu  the  latterre- 
gion.  So  extensive  pockets  of  amazon  stone,  smoky  quartz,  etc.,  hare 
been  found,  but  a  few  smaller  ones  oontain  a  noteworthy  assodation  of 
species. 

Topaz.— The  pocket  in  which  the  topaz  was  found  is  of  irreguhtr 
shape,  being  about  50  feet  loug,  from  2  to  15  feet  wide,  and  averaging 
4  feet  in  depth.  Owing  to  the  disiotegratiou  of  the  rock  at  the  sur- 
fiice  many  of  the  crystals  h^d  been  carried  In  the  dSbria  to  a  consider- 
able dtetance  dowa  the  mountain  side,  and  were  badly  worn  and 
broken. 

The  topaz  oc'ors  in  isolated  and  usually  loose  crystals,  surrounded 
by  distorted  quartz  crystals,  of  smoky  and  reddish  shaded — frequently 
the  exact  color  of  the  topaz — light  green  micTocline,  mamellary  radia- 
tions of  albite,  cleavage  mafises  and  compact  nodules  of  mica — proba- 
bly muscovite,  although  sometimes  much  altered  from  the  original  sub- 
htance.  Also,  more  rarely,  cassiterite,  goethite,  ortbitet ,  fluorite  and 
kaoliuite  occur.  Much  of  the  topaz  is  reddish,  though  wine-yellow, 
milky  blue,  and  colorless  crystals  were  found. 

All  the  crystals  attached  to  the  gangue  were  more  or  less  decom- 
1)orwd,  a  kaolin-like  substance  being  the  result  Frequently  the  ter- 
minal planet)  and  a  part  of  the  prism  would  be  found  protruding  from 
the  rock  unaltered,  while  the  remainder  of  the  crystal,  running  into  the 
(291) 
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albite,  would  be  composed  of  altemate  layers  of  topac  and  kaolin.  More 
frequently,  however,  the  kaolin,  instead  of  being  parallel  to  the  cleavage 
ptanee,  ocoapied  oarred  flsaoree  mnning  irregularly  through  the  topas. 

MiOBOCiiiKH. — ThiBmioeral  in  simple  cryBtals  was  the  common  species 
in  the  pocket.  Some  were  very  large,  measoring  18  iuohes  across.  They 
were  uBoaliy  badly  fractured  and  fell  in  pieces  on  being  removed.  The 
base,  0  P,  of  each  crystal  has  a  cntions  appearaoce,  owing  to  the  angular 
elevaticma  and  depressions  that  oompose  the  surface,  looking  not  unlike 
oriental  characters  ont  in  relietl 

Gassitebite. — ^Twentty-flve  or  thirty  small,  irregularly-shaped  massrs 
of  this  mineral  were  found  embedded  in  massive  albite  or  quartz.  A 
ft'w  mdo  crystals  were  obtained,  one  being  a  litUe  lees  than  an  inch  iu 
diameter.  Only  the  pyramid  is  developed.  No  cassiterite  was  found 
outside  of  the  topaz-bearing  cavity. 

FLnoBlTU. — In  the  adjacent  region  a  nnmber  of  interesting  crystals 
of  the  ehloropbane  variety  of  flnorite  were  found  iu  a  small  pocket  of 
microoHne  and  smoky  quartz.  The  most  perfect  crystal  is  a  cobo-octa- 
hedroa,  with  every  face  well  developed.  It  was  foond  lying  loose  in  the 
cavity  and  the  sor&ioe  is  rough.  The  color  is  of  a  gzeeniah  tinge  ont- 
wardly,  with  an  Indaded  cube  of  dark  porple. 
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m.- ^X  THB  IitJSTBB  EXHIBITED  BT  SANIDINE  IN  CER- 
TAIN KHTOUTE8. 


By  WHrraUH  Oboss. 


The  sanidines  of  two  rhyolites  iu  Oolorsdo,  examined  by  the  writer, 
pofisoss  a  remarkable  lustre  which  is,  as  far  as  he  can  aecertain,  anlike 
anytliiDg  prevloasly  described  by  any  other  observer.  One  of  these 
cases  has  slready  been  briefly  noticed  io  the  American  Jonrnal  of  Sci- 
cDCe  for  Febrnarj',  1884.  The  discovery  of  a  second  iustauoe  of  this 
same  lustre,  and  the  results  of  a  comparison  with  eariier  descriptions 
of  lostro  and  color  in  feldspar,  render  a  filler  treatment  in  this  place 
desirable. 

BurmmB  in  Bhtolite  pbom  Chalk  Mottntain.-  The  rhyolite  con- 
taining the  Instrons  sauidine  occurs  in  a  massive  body  forming  the 
greater  part  of  Chalk  Mountain,  situated  upon  the  continental  divi<le 
at  the  headwaters  of  the-Arkausas,  Ten  Mile,  and  Eagle  Bivers,  in  cen- 
tral Colorado.  Tt  is  of  the  type  recently  defined  hs  nevadite  by  Messrs. 
Hagne  and  Iddings,"  and  may  be  characterized  as  a  porphyritic  rock, 
showing  large  glassy  sauidine  and  many  smoky  qaartz  crystals  embedded 
in  a  grayish  ground  mass,  which  appears  under  the  lens  to  be  evenly  gran- 
alar,  and  is  really  so,  withtheezception  of  isolated  gloss  particles  revealed 
by  the  microscope.  Biotite  is  but  sparingly  present.  This  nevadite  is 
one  of  the  most  beautiful  of  rocks,  owing  to  its  abundant  smoky  quartz 
crystals  and  to  the  lusbous  sanidines  about  to  be  described.  Chalk 
Mountain  lies  upon  the  boundary  betweeu  the  geological  maps  of  the 
Mosquito  range  and  of  the  Ten-Mile  mining  district,  which  are  soon  to 
be  published,  with  monographic  reports,  by  the  U.  S.  Geological  Survey. 
In  both  of  these  works  the  manner  of  occurrence  and  the  characteristJcs 
uf  the  rock  will  be  fully  given. 

Many  crystals  of  sauidine  in  the  nevadite  exhibit  in  certain  positions 
a  delicate  or  brilliant  satin-like  lustre.  If  examined  with  the  Did  of  a 
lens  a  faint  play  of  very  delicate  colors  is  seen,  while  the  crystal  seems 
white  and  opaque  when  looking,  down  upon  the  lustrous  surface  in  such 
u  direction  that  the  Instre  itself  does  not  appear.  The  position  of  the 
lustrous  plane  is  readily  seen  to  be  near  that  of  the  ortbopinacoid,  and 
the  ezt«nt  of  t^e  deviation  f^m  it  is  plain  when  a  crystal  twinued  oc- 

MAm.  Jow.Sci.,  IU,  XXVII,  461,  1S84. 
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conling  to  the  Oartahatt  law  ia  obBerved.  By  focing  tiie  liglit  and  re- 
volTJng  saeh  s  crystal  about  its  orthoaxiB  it  is  foand  that  the  lostioas 
pljlues  of  the  two  iialves  are  not  coincident,  bat  are  incliDed  at  approxi- 
mately 2(K>  to  each  other,  while  evidently  lying  in  or  very  near  the  or- 
tbodiagonal  zone. 

On  examining  the  larger  crystals  a  cleavage  parallel  to  the  plane  of 
lastre  is  evident,  and  if  an  i.<olated  fragment  be  fractured  by  a  eharp 
blow  upon  the  predominant  brachypinacoid  many  .flakes  are  produced, 
some  of  which  are  parallel  to  OP,  while  others  are  parallel  to  the  Iqb- 
truQs  surface.  Those  parallel  to  OP  exhibit  under  the  microscope  a  very 
fine  Btriation  at  right  ^gles  to  the  trace  of  so  P  ob ,  while  optical  aeticHi 
is  normal.  The  flakes  parallel  to  the  plane  of  lustre  are  found  to  be 
made  up  of  extremely  thin  platea,  nsnatly  rectangular  tbrongh  tbe  de- 
velopment of  cleavages  parallel  to  OP  and  cc  P  & .  If  but  a  few  of 
these  plates  overlie  each  other,  delicate  vaiiegated  colors  appear  in 
ordinary  light.  By  increase  in  the  nnmber  of  plates  the  flake  becomes 
(Inll  white  and  opaqne.  The  phenomena  are  very  plainly  the  &niiluu- 
ones  prodnced  by  polarization  and  interference  of  light  in  traverBJQg  a 
series  of  thin  platea.  Transmitted  light  is  sood  wholly  extinguished  by 
a  sufficient  increase  in  the  number  of  plates,  and  reflected  light  pro- 
daees  the  lustre  seen. 

A  parting  parallel  to  this  plane  can  be  easily  produoed  with  a  knife- 
blade  in  those  crystals  having  a  very  bright  lustre.  The  separation  is 
as  sharp  and  perfect  as  that  parallel  to  any  cleavage  plane  of  tbe  eiya- 
tal.  By  sections  parallel  to  (x>  P  Sb  the  position  of  the  plane  with  ref- 
erence to  tbe  axes  4  and  k  is  readily  detormined  with  approximate  eor- 
rectness;  but  the  most  satisfactory,  and  probably  the  moat  accurate, 
measurements  were  obtained  in  the  following  manner : 

At  one  point  in  the  monutain  the  nevadite,  here  unusually  roame- 
grained,  was  found  to  contain  many  small  round  or  irregnlur  droKiit 
lined  by  minute  bnt  perfect  transparent  crystalM,  chiefly  of  HHDi<iiii« 
and  quartz.  Tbe  qnnrtz  crystals  are  for  the  most  jiart  simple  dibexa- 
hedrons ;  the  sanidines  thin  tablets,  which  are  almost  invariably  Oaili»- 
bad  twins,  with  prominent  development  of  tbe  cHilopinncoid.  Sncfa 
crystals  examined  under  the  microscope,  as  they  lie  ujton  the  predonii- 
cant  pinacoidal  face,  afford  a  means  of  determining  approximately  tbe 
position  of  tbe  plane  parallel  to  which  the  parting  referred  to  takt^ 
place. 

Fig.  13  of  tbe  pliite  represents  one  of  these  crystals,  a  normal  Carls- 
bad twin,  with  a  third  and  smaller  plate,  also  in  twin  position.  Tbe 
faces  shown  in  profile  are  oo  p,  yp,  P35 ,  and  UP^ .  From  all  the  out- 
linesand  ft^m  basal  cleavage  or  irregnlar  llssares  run  very  line  dark  lin<^ 
in  uniform  direction  for  each  individual  of  tbe  twin,  and  penetratiug 
varying  distances  into  the  crystal.  This  nndoabtedly  represents  an  in- 
cipient stage  of  tbnt  parting  which,  in  some  crystals  of  tbe  rock,  ocm- 
nons  the  brilliant  lustre,  for  these  dark  lines  do  not  represent  needles  of 
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Boy  mineral  sobatance,  but  air  fllme,  apon  Uie  flsaoree,  ahowiu^  tbe  ex- 
teDt  to  whioli  actnal  partiug  has  taken  place  in  the  direction  indicated 
in  the  remainder  of  the  crystal  b;  the  fine,  clear  striation.  As  seen  fivm 
the  figare,  the  poeition  of  the  snrfboe  is  that  of  a  positive  hemi-orUio- 
dome,  for  tbe  cleavagre  plates  of  large  crystals  show  tbe  plane  to  be  at 
right  anglee  to  the  diDopinacoid.  The  meau  of  a  nnmber  of  measure- 
ments in  different  parts  of  the  crystal  places  the  inclinatioD  of  the  plane  i 
thns  indicated  to  tbe  vertical  axis  at  S°  40'.     Assnming  the  axial  ratio — 

d :  6  :<»  =  0.653:1:0.662  and  yS  =  64. 
as  determined  by  Striiver",  for  free  crystals  of  sanidine,  the  fece  corre- 
sponds closely  to^P  as-.  This  would  require  an  angle  of  72°  40'  vith 
the  basal  plane,  while  that  measnred  in  theorystal  flgored  was  72°  63'. 
Of  coarse  this  cannot  be  regarded,  ander  tbe  circomstances,  as  any- 
thing more  thao  an  approximate  determination. 

The  Instre  as  thus  far  described  is  fonnd  diiefly  in  the  sanidines  of 
tbe  coarser-grained  modifications  of  tbe  rock.  Some  of  tbe  crystals  do 
not  exhibit  the  pbenomenon  distinctly,  and  in  those  of  the  finer-grained 
{tortions  of  the  mass  it  is  commonly  not  visible  at  all.  Yet,  thin  seo- 
tjons  of  Bach  varieties  do  sometimes  show  a  pale,  delicate,  bloish  color 
in  the  sanidines,  which  is  like  that  often  seen  in  labradorite.  By  close 
examination  of  sections  parallel  to  the  plane  of  the  satiny  Icstre  it  is 
freqaentiy  foand  that  tbere  are  dear  and  transparent  portions  which 
do  not  exhibit  the  bright  Instre,  bat  if  the  light  be  properly  gnarded  a 
faint  bloish  color  is  seen  in  these  clear  portions  simaltaneonsly  with  the 
satin-like  Instre  in  the  remainder.  After  tbe  connection  has  thns  been 
established  it  becomes  easy  to  see,  in  most  cases,  that  the  bine  color, 
seen  only  in  clear  and  transparent  crystals,  appears  apon  the  same 
plane  which  in  other  eases  shows  the  satiny  lustre. 

SUf  iDiHE  IN  BHTOLITB  FROM  BA.QGBD  MoTTSTAiH. — Siuoe  the  appear- 
ance of  the  article  describing  the  lustre  of  tbe  Chalk  Mountain  sanidine, 
another  and  even  more  striking  Instance  has  been  brought  to  the  notice 
of  the  writer,  thnmgh  bis  friend  Mr.  B.  0.  Hills,  of  Denver,  who  pre- 
sented him  with  a  sanidine  crystal  from  the  rhyolita  of  Bagged  Monn- 
tain,  Gnnnison  Goanty,  Colorado,  in  which  tbe  satiny  lustre  is  very 
marked.  The  crystal  in  question  was  several  inches  in  length  parallel 
to  the  olinoaxis,  fuid  has  a  square  prismatic  form  in  that  directiou, 
through  the  predominant  and  equal  development  of  x  PA  and  OP. 
The  brilliant,  satiny  Instre  is  exhibited  in  all  its  beauty  when  these 
elongated  crystals  are  fractored  transversely,  and  in  the  crystal  seen 
the  fracture  is  parallel  to  the  lustrous  plane  itself.  According  to  Mr. 
Hills,  this  is  commonly  the  case,  and  large  masses  of  tbe  rock  often 
show  numerons  square  sections,  reaching  2-3  inches  in  diameter,  each 
posseesing  tbe  Instre  very  distinctly. 


'*Uit«d  bj  TMheriDBk,  Lehrbach  der  Hinerftlogte,  1983,  p.  456. 
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from  the  crystal  mentioned  thiu  Bections  were  prepaied  parallel  to 
OP,  w  P  »  and  the  plane  of  the  lustre.  That  parallel  to  OPafaows 
QQd^the  mioroacope  uniform  estiDction  ±  totheedgeof  aiPSb>  The 
lustrons  plane  ia  indicated  in  the  pure  and  transparent  portiona  by  a 
very  fine  clear  atriation  lying,  so  fu  as  determinable^  exactly  at  right 
angles  to  the  trace  of  qd  P  ob .  This  atriation  ia  exceedingly  delicate, 
and  appears  most  distinotty  ^vhen  directed  from  the  obserrer  toward 
t^e  source  of  light.  Ihrongb  a  large  part  of  the  seotiiHi,  however,  the 
clear  atriation  is  replaced  by  dark  lioea,  easily  seen  to  be  sections  of 
parallel  planes,  upon  which  are  many  dark  bodies  like  gaa  cavitiea  or 
empty  spaces.  Theae  are  zigsag  iu  shape,  but  bounded  chiefly  by  lines 
aeemingly  parallel  to  OP  and  od  P  ob .  The  plane  holding  thene  bodies 
is  steeply  inclined  to  OP. 

The  section  parallel  to  oe  P  3^  ahowa  a  clear  atriation  where  parting 
has  not  taken  place,  and  dark  lines  representing  the  aecti<m8  of  planes 
containing  air  or  empty  cavitiea  where  the  separation  hae  b^rnu-  The 
aituation  of  the  Inatrons  plane  with  reference  to  the  azea  &  and  t  ia  here 
plain.  The  angle  anaceptible  of  moat  aocorate  meaanrement  ia  that 
between  the  basal  cleavage  &aoture  (&)  and  the  clear  atriation.  Re- 
peated determinations  show  this  angle  to  be  between  72^  30'  and  73°. 
This  corresponds  closely  to  the  results  obtained  from  the  crystal  iu  the 
Ohalk  Monntain  rock,  and  shows  conclusively  that  the  luatrona  planes 
in  the  two  cases  may  be  considered  identical. 

The  thin  section  parallel  to  the  luatfons  plane  brings  out  still  more 
distinctly  a  zonal  Btmctore  which  waa  visible  iuthecrystal.  Theonter 
zone  has  a  much  more  brilliant  lustre  than  the  interior,  and  oertain 
parts  of  the  latter  are  quite  transparent.  In  these  portions,  when  the 
aatiny  luatre  of  the  enter  zone  ia  at  it«  maximum  of  brightJtesa,  a  deli- 
cate pole  blue  color  is  visible,  like  that  noticed  in  Uie  Chalk  Mountain 
aanidlne.  Under  tite  microscope  the  appearance  is  similar  to  tiiat 
already  described  for  cleavage  flakes.  Where  the  lustre  ia  brightest 
the  parting  is  apparently  complete,  with  continuous  air  films  between 
plates.  Where  the  sanidine  exhibits  the  blue  color  there  is  either  no  in- 
dication of  the  laminated  structure,  or  the  begiuniogs  of  the  parting 
are  represented  by  the  same  dark  zigzag  cavities  or  air  pores  seen  In 
the  basal  section.  These  are  now  clearly  seen  to  be  bounded  for  Uie 
moat  part  by  linea  parallel  to  OP  and  os  P  Ss . 

Although  no  alteration  iu  the  ordinary  sense  is  visible,  the  seotioa  ia 
opaque  where  the  number  of  plates  overlying  each  other  is  great. 

Pbetiocb  Desobiptions  of  Lustbb  in  Feldspab. — The  bloiah 
color  sometimes  seen  in  adularia,  albite,  or  oligoolase  and  the  play  of 
colors  ao  beautifully  exhibited  by  labradorite  have  been  the  subjects  of 
studyon  the  partofvariouB  mineralogists.  Sir  David  Brewster  aacribed 
the  phenomenon  to  the  action  of  certain  flat  rectangular  bodies  ob- 
served witb  the  microscope,  and  which  he  considered  as  filled  by  air,  or, 
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at  least,  by  some  matter  of  tnach  lower  refractive  powerthan  tbe  feld- 
Bpar. 

The  first  Batiafact«ry  iuveetigatioa  of  this  satyect  was,  however,  by 
E.  Baasoh,**  wlio  made  (186^'6a),  a  caretbl  study  of  the  bright  Instres 
and  chatoyant  colors  exhibited  by  varioas  minerats. 

The  resalts  of  fieasoh's  etady  of  Cfae  feldspars  are  of  partioolar  inter- 
est in  connection  with  the  foregoing,  twd  although  tbe  original  has  beea 
coDsalted,  U>e  writer  wishes  to  qaote  tlie  concise  r^ntm^  given  by  Dana 
in  his  Systfim  of  Mineralogy,  5th  edition,  p.  336 :  «  The  play  of  colors, 
eq>eoially  remarkable  in  mach  labradorite,  and  occnrring  also  in  some 
adntoia,  albite,  and  oligoelase,  indicates,  according  to  Beascb,  the 
ezisttmce  of  a  cleavage  atractore  of  extreme  delicacy  transvwse  to 
tbe  median  or  brachydiagoual  section.  In  adolaria  the  plane  of  this 
cleavage  ia  po'pendicnlar  to  this  section  (or  that  of  the  clino-diagonal) ; 
iu  labtadorite  it  is  in  general  more  or  less  inclined,  and  differently  in 
different  specimens.  The  play  of  colors,  Beusch  observes,  appears  there- 
fore to  be  that  of  thin  plates;  yet  the  lining  of  what  he  regards  as  a 
deavage  system  appears  to  be  of  indistiDgoishableminnteDess;  and  al- 
though the  existence  of  Uiin  plates  can  hardly  be  established  by  tbe 
microscope,  it  is  proved  by  their  effects  in  the  play  of  colors,  nebulons 
images  within,  and  the  phenomena  of  inflection  or  dtfTractiou  which  re- 
salt  from  their  regular  gronping."  By  preparing  »  polished  surface  par- 
allel to  the  orthopiDacoid,  Beosch  determined,  for  adalaria,  the  inclina- 
tion of  the  plane  prodacing  the  nebalons  images  to  the  vertical  axis,  at 
11°  SS',  as  a  meao  of  many  carefol  observations.  The  angle  with  t4ie 
cUnoaxis  is  given  at  71°  IS*.  The  corresponding  measurements  of  tbe 
cleavage  ineUnations  in  the  Chalk  Moaotain  sanidiue  given  abov*  are 
8°  ity  and  72°  53'.  If  we  assame  j9=63°  63*  for  adolaria,  as  is  com- 
monly given,  the  latter  measurement  of  Bensch  would  require  the 
former  angle  to  be  10°  26',  and  as  the  value  11°  38'  was  obtained  from 
au  artificially-prepared  surface  we  may  perhaps  be  justified  in  eousid- 
ering  the  measurement  71°  IS*  tbe  more  correct,  in  view  of  the  nearer 
agreement  thus  shown  with  the  results  on  sanidine  where  the  direction 
of  the  new  cleavage  plane  is  more  distinctly  indicated. 

It  seems  almost  unnecessary  to  point  ont  any  more  clearly  that  the 
actual  parting  observed  in  tbe  sauidines  of  these  ibyolites  is  a  l>eantiful 
natural  proof  of  the  correctness  of  the  conclusion  drawn  by  Beusch  from 
his  admirable  investigation.  Tbe  satiny  lustre  is  cansed  by  the  fuller 
development  of  that  internal  lamellar  structure  which  produces  the 
beautiful  delicate  blue  color  in  clear  adnlaria  or  sanidine  in  tbe  manner 
explained  by  Beusch. 

VogelBaug,  who  made  a  study  of  tbe  play  of  color  in  labradorite,"  ex- 

"E.  B«QBcl),  "Uiberdaa  Schillein  gowisser  ET^atalle,"  iu  Pogg.  Aun.,  CXVI,  39-2; 
CXVIII,  ISC;  CXX.flS. 

"  Cltod  by  Nauiuuuu-Zirktit.  Mineralogie,  p.  15B,  lltk  Ed.,  Origiakl  In  "Archivei 
KiwUittUltM,"  Tome  111,  IttStl. 
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plained  the  bine  color  as  due  to  polarizatioD  f^m  thin  plates,  the  yellow 
and  red  as  caused  by  iinmeroDS  iiiclnded  lamellie  and  mlcrolites  of 
mioeral  substances,  wbilc  the  green  and  violet  shades  are  thonght  to  be 
the  result  of  a  eombiuatioii  of  the  blue  with  the  yellow  or  the  red. 
KeuBcb  states,  as  meutioned  above,  that  the  undeveloped  cleavage  in 
labradorite  does  not  correspond  in  itosition  to  that  in  adnlaria,  being 
near  tbe  brachypinacoid  and  variable  in  different  specimena. 

From  the  above  it  seems  iinite  possible  that  the  rectangalar  bodies 
thought  by  Brewster  to  be  the  canse  of  the  bluish  color  may  have  been 
the  equivalent  of  those  seen  in  the  sanidine,  which  indicate  the  begin- 
ning of  the  actual  parting  in  the  direction  of  the  latent  cleavage. 

LusTBE  UPON  OTHEB  Sakidines. — In  the  Microscopical  Petrography 
of  the  Fortieth  Parallel  (p.  83),  Professor  Zirkel  mentions  a  "snperb  bine 
c  lor'^  as  characteristic  of  tbe  small  sanidines  in  a  rbyolite  &om  Chataya 
Peak,  Pah  0te  Mountains,  Kevada.  It  is  also  visible  in  varioos  rhyolitee 
east  of  tbe  point  naiued.  The  cause  of  tbe  color  is  thought  unexplaina- 
ble,  for  *'no  strange  particles  can  be  detected,  neither  neediea,  nor 
plates,  nor  grains,  nor  a  dust- like  powder,  nor  glass  or  fluid  inclusions." 

An  ezaminatton  of  these  rhyolites  by  tbe  writer  indicates  clearly  that 
this  [>henonienon  is  simply  anotheV  instance  of  (bat  which  has  been  de- 
scribed. The  intensity  or  brilliancy  of  the  color  exhibited  in  some  of 
these  rocks  is  quite  striking. 

GONOLDSION. — Tbe  phenomenon  which  has  been  described  does  not 
seam  comparable  with  any  hitherto  recognized  property  of  crystals.  It 
seem  incorrect  to  speak  of  it  aa  "cleavage,"  for  that  internal  structure 
manifested  by  the  fine  basal  cleavage  of  this  same  species  is  accompanied 
by  no  such  optical  action ;  nor  can  tbe  writer  recall  any  such  combina- 
tion in  any  other  mineral.  This  lamellar  structure  is  to  be  considered 
us  another  of  those  physical  characteristics  of  minerals,  such  as  cleav- 
age, fhujture- figures,  *' gleitflaohen,"  etching-figures,  twinning  prodoced 
by  pressure,  etc.,  which  wilt  doubtless  remain  unexplained  until  tbe 
molecalar  constitution  of  crystallized  bodies  is  made  clear. 
(298) 
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By  Whitman  Gross. 


The  nevadite  of  Chalk  Moantain,  which  wae  descrihed  in  the  pre- 
ceding section,  contains  in  ite  smalt  dnisy  cavities  another  mineral  of 
decided  interest  besides  the  ssnidine.  Accompanying  the  qaartz  and 
sanidine  in  the  cavities  are  minnte  leaflets  of  biotite,  a  few  ore  grains, 
and,  in  a  few  druses  only,  very  perfect  crystals  of  colorless  transparent 
topaz.  Usually  bnt  a  single  crystal  of  topaz  is  present  in  one  of  the 
dmses,  and  that  is  larger  and  more  perfect  in  development  than  any 
other.  The  topaz  is  attached  directly  to  the  walls  of  the  cavity  and 
often  bears  small  tablets  of  sanidine  upon  it.  The  crystals  which  can 
be  recognized  as  topaz  vary  from  O.S"""  to  3'°'"  in  length,  bnt  it  seems 
quite  probable  that  there  are  some  smaller  ones  iudistinguisbable  from 
quartz. 

The  determination  as  topaz  rests  upon  the  crystalline  form  which  is 
very  distinct  and  is  that  of  common  topaz.  One  crystal  measuiing 
31BD  ^  length  and  l""  in  thickness  was  removed  from  the  lOok  and  its  , 
angles  measured  with  a  Fuess  reflection  goniometer.  This  crystal 
presents  ao  P,  co  1*2,  and  21*  od  as  the  dominant  forms;  OP  is  a  narrow 
foce  and  iP  00,  2P  co,  2P,  and  P  are  minute,  bnt  very  distinct.  The 
angles  measured  are  as  follows : 

tePA"? tu  K 

<ofSmti»fa' U  7 

OPAStw IM  M 

OPAP IM  11 

0PA2P 116  55 

2P  00  appears  as  a  very  narrow  face  in  the  zone  of  2P  to  2P.  This 
ia  the  usual  habit,  with  the  occasional  addition  of  xPi»  and  a  more 
prominent  development  of  OP.  This  crystal  is  also  imperfectly  termi- 
nated at  the  attached  end,  showing  2^  co  most  prominently,  with  iP  00 
and  2P  also  recognizable,  and  there  are  no  signs  of  hemimorphism. 

In  some  dmses  all  crystals  are  thinly  coated  by  a  black  incrustation 
which  seems  to  be  pyrolusite. 

So  &r  as  I  can  ascertain,  all  previously  known  and  deaoiibed  oocor- 
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rences  of  topaz  are  in  granite,  gneiss,  or  some  other  member  of  the 
series  of  metamoiphic  or  crystalline  schists.  In  the  present  case  topaz 
is  foond  in  an  emptive  rock,  probably  of  early  tertiary  age,  while  the 
appearance  of  the  associated  minerals  certainly  saggests  that  they  may 
all  be  snblimatioQ  prodocte,  thongb  it  is  not  capable  of  direct  proot 
The  sanidine  crystals  &om  the  druses,  exunined  mleroscoplcallyf  con- 
tain gas  inolnaions,  while  neither  fluid  nor  glass  iDclnsioDS  were  seen. 

(300) 
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T.— ASSOCIATED  RARE  ULNERAI.S  FROM  UTAH. 


BT  W.  F.  HiLLEBttAND. 


In  the  AiDoricuD  Eagle  mine,  Tiotic  niioing  district,  Utah,  occur,  in 
iDtimate  asAociatiou,  several  miucrals,  the  mfyority  of  wbicb,  it  is  be- 
lieved, are  uew  to  tbe  American  continent.  All  the  specimens  ex- 
amineil  wt'ru  obtaiiietl  from  an  ore-beap  at  tbe  works  of  the  Boston 
and  Colorado  Smeltiiift  Company,  near  Denver,'  where  they  were  llrst 
observed  mid  tlieir  pmbalde  identity  established  by  Mr.  Bichard  Pearce, 
inetallnr{>ist  tn  tlic  almve  conijiaiiy.  .More  detailed  examinations  were 
iiiaiU*  ill  tlie  laboratory  of  the  Survey  at  Denver,  aa  opportunity  offered, 
in  compliance  with  a  desire  expresced  by  Mr.  Pearce. 

OLIVESITB. 

Recognizable  by  its  dark  olive-^een  and  wood-brown  color,  and  by 
its  crystal  form,  is  olivenite,  occurring  in  a  mixture  of  varions  brown 
and  yellow  oxygen  salts  of  iri)n,  copper  and  calcinm.  The  only  planea 
observed,  according  to  Mr.  Whitman  Cross,  belong  to  the  prism  and 
brachydome.  While  flue  crystals  are  not  of  infrequent  occurrence,  the 
ini^orpartof  the  mineral  appears  in  that  characteristic  brown,  compact, 
fibrous  state  to  which  it  owes  its  old  name  of  wood-copper.  The  amount 
of  crystallized  materia!  available  sufficiently  pare  for  a  satisfactory 
analysis  was  very  limited  on  acconnt  of  the  firm  adherence  of  small 
green  hemispheres  of  conicbalclte  on  many  of  the  crystals.  Analysis 
£sve  the  following  results: 


-1 

CnO 

1    1IS.M 

quvti 

aw 

10.71 

The  ferric  oxide  of  the  analysis  was  derived  from  a  little  adhering 

liydmted  cnpri-ferric  arseuiateand  the  calcinm  and  zinc  oxides  firom  at- 

tiacbed  conicbulcite.*  The  oxygen  ratio  for  GnO  :  AstOg  (PiOt) :  HiO  ig 
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4.00  !  5.00  : 1.08,  instead  of  4  :  5  : 1  required  by  the  formula  CoaAsA-i- 
UtCuO,. 

CONICaAI.CITE. 

Coreriug  tbe  Hurfuce  of  ofCeii  large  pieces  of  more  or  leas  soil  and 
friable  miiml  aisiiuiaivs,  soaietiuies  miitiug  to  form  a  complete  coating, 
are  iiinaLU  mblu  liemitiful  emerald-green  seaii-tranalQceDt  globnle^, 
averagiug  tiiree-fourtliH  of  n  millimeter  in  diameter  aud  showing  dis- 
tinct radiatct  structure  wlieu  broken,  ^otwitbstanding  the  considerable 
amuuut  of  mateiiat  from  nliicb  to  select,  the  obtaining  of  perfectly 
pure  uiatei'ial  in  Huffitient  quantity  for  analysis  was  impossible  witfaoat 
-dcvotiug  several  dayu  to  tlie  work,  in  coobequence  of  the  firm  adhereoce 
«f  gangue  to  tbe  flattened  base  of  the  globules  and  of  the  fact  that  tlir 
nucleus  of  each  globule  usually  consisted  of  some  of  the  aame  soft 
gangue  matter.  Tbe  material  analyzed  was  so  small  iu  quantity,  thert- 
fore,  that  the  analytical  results  can  lay  no  claim  to  the  highest  degree 
of  accuracy,  especially  as  all  estimations  had  to  be  made  opou  the  same 
portion.  No  specific  gravity  determination  was  attempted  for  this 
reason,  and  also  because  there  were  no  means  of  determiuiiig  the  cor- 
rections to  be  made  for  small  amounts  of  impurities  other  than  qnartx. 
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The  ferric  oxide  was  derived  from  attached  gangue.  Tbe  carbon 
dioxide  was  probably  combined  with  lime,  since  a  temperature  was  re- 
quired for  its  expulsion  higher  than  that  at  which  alt  the  water  escaped, 
the  latter  having  been  estimated  by  direct  weight.  Part  of  tbe  water 
seemed  to  escape  at  a  macb  lower  temperatare  than  the  remainder. 
Tbe  silver  is  not  a constitueiit  of  the  gangue,  since  none  could  be  found 
iu  tbe  latter  uuderlying  the  green  coating.  It  is  not  present  as  chloride, 
for  nitric  acid  readily  takes  it  all  into  solution  ;  nor  could  any  native 
silver  or  sulphide  be  detected.  The  only  conclusion  to  be  drawn  is  that 
it  exists  in  the  mineral  in  an  oxidized  state,  presumably  as  silver  arseni- 
ate. 

In  appearance  and  composition  this  mineral  resembles  no  other  than 
conichalcite, found  hitherto  only  in  Andalusia,  SpaiD,and  represented  by 
a  single  analysis  in  Dana's  System  of  Mineralogy,  i>.  663  (quoted  above 
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for  the  Bake  of  comparisoa).  ft  will  be  noticed  that  vauadiam  is  want- 
ing (it  waa  specially  looked  for)  id  the  mineral  from  Utah,  and  phoii- 
pbonis  nearly  bo  ;  while  zinc,  which  was  not  a  constituent  of  the  Span- 
ish mineral,  here  replaces  apparently  some  copper. 

Allowing  for  the  COi  its  equivalent  of  GaO,  the  oxygen  ratio  is  as 
follows : 


RO    :  A8,0s  (PsOs) 

H,0. 

l.W  :  1.18 

0.41.    or 

4.00  :  4.72 

1.64. 

instead  of  4:5:1.6  required  by  the  supposed  formula  [Cu,  Ca)3  As^Oe-f- 
H,CnO,H-ie,0. 

Heated  iu  any  manner  before  the  blow-pipe  most  violent  decrepi- 
tation ensues,  the  entire  fragment  flying  into  floe  powder.  In  a  closed 
tnbe,  alter  decrepitation  has  ceased,  the  particles  by  gentle  tapping  may 
be  made  to  collect  at  the  bottom  as  a  brown-black  spongy  mass  of  great 
volume.  This  collected  on  a  loop  of  platinum  wire  fuses  before  the 
blow-pipe,  at  first  with  a  pale  bluish  colorotiou  of  the  dame.  This  be- 
havior accords  in  a  measure  with  that  mentioned  in  Dana's  System  of 
Mineralogy  {loo.  ciU). 


Thickly  scattered  in  irregular  patches  throughout  some  portions  of 
snch  ore  as  occurs  iu  hard  lamps,  giving  to  a  broken  surface  a  mottled 
appearance,  is  a  compact  greenish  opaque  body,  with  little  or  no  Instre, 
which  corresponds  in  composition  very  well  with  chenevizite  from  Corn- 
wall, as  represented  by  one  of  the  two  analyses  in  Dana's  System  of 
Mineralogy,  p.  683.  The  hardness,  however,  is  lower,  being  3.6  instead 
of  4.6,  as  there  given.  The  color  is  an  olive-greeu,  sometimes  shading 
away  into  a  greenish  yellow  after  exposure.  The  fractnre  is  aubcon- 
ehoidal. 
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The  analysis  was  made  upon  air-dried  powder,  since  the  latter  loses 
about  0.7S  per  cent  of  water  even  over  sulphuric  acid,  which  loss  be- 
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comes  sligbtl;  greater  at  100°  C,  and  coDtiDtially  increaaes  as  the  tem- 
perature rises.    The  osy^n  ratio  Is — 

BO  +  B,0,  :  Aa,Ot :  HjO. 

6.00  :6.23    :3.65., 

-while  that  of  the  above-qaoted  analysis  of  the  Cornwall  mlDerat  is 
6 : 6.35 : 3.30  instead  of  6 : 5 : 3,  as  assumed  most  probable.  The  material 
now  analyzed  cannot  with  any  certainty  be  regarded  aa  pare,  hence  the 
deviation  from  this  theoretical  ratio  is  not  of  great  importance. 

Before  the  blowpipe  the  mineral  from  Utah  differs  fW)m  that  from 
Cornwall,  in  that  it  does  not  usually  decrepitate,  while  ia  other  respecta 
the  behavior  is  identical ;  it  fuses  readily,  gives  off  arsenical  fumes,  ami 
leaves  a  black  magnetic  scoria. 

Both  cheoevizite  and  conicbalcite  appear  to  be  generally  regained 
as  doubtful  species,  for  their  names  do  not  flgnre  at  all  in  some  of  tbe 
best  mineralogical  works,  but  it  cao  hardly  be  questioned  now  thattbey 
'  represent  definite  Rpecies  whose  precise  nature,  however,  is  yet  a  matr 
ter  for  further  investigation  to  reveal. 

A  HTBROC3  CUPKI- CALCIUM  AB8BNIATE. 

In  rare  instances,  fine  silky  white  needles  have  been  observed,  chieBy 
on  conicbalcite,  but  in  sncb  small  quantity  that  the  only  data  as  to  their 
composition  are  the  following  determinations  made  by  Mr.  Pearce  od 
less  than  a  centigram  of  material : 


wao 

'B;  dlfferenoe. 

The  copper  estimAtion  was  a  failure,  but  the  percentage  of  CnO  was 
jadged  to  be  fully  20  per  cent.  The  composition  would  then  seem  to 
be  near  that  of  conichalcite  with  the  proportaoos  of  CnO  and  CaO  re- 
versed, bnt  in  view  of  the  wide  limits  to  be  allowed  for  possible  error  is 
tbe  analysis,  further  comment  is  useless. 


Jarosite  in  flue  transparent  brown  crystals  was  observed  by  Mr. 
Pearce  on  a  few  specimens  of  ore.  The  ideutifloation  rests  upon  partial 
chemical  analysis,  and  more  fully  upon  angle  measurements  by  Mr. 
Whitmaa  Cross. 

THE  MASSIVE  ORE. 

With  jarosite  is  completed  tbe  listof  probably  distinct  species,  as  i^ 
as  observed,  with  tbe  exception  of  one  or  two  others  present  in  too  small 
quantity  for  even  qualitative  identification.    There  are,  however,  cer- 
(304)  , 
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tain  characteristio  components  of  the  ore  wblob  aeemed  to  merit  ezom- 
inatiou. 

A  portion  of  the  ore  is  a  brown8abBtaoce,Bbowingnodalar  forms  and 
a  ^rannlar  surface  wben  broken  and  of  considerable  hardness  owing  to 
diaseminated  qaartz.    Analysis  famished  the  following  resolts : 


KS;;:::: 

Qturti... 


These  figures  probably  represent  a  mixtare  of  a  hydrated  fbrric-alkalt 
snlpbate  (perhaps  jarosite),  and  one  or  more  hydrated  areeniates. 

In  places  it  passes  gradually  into  a  brilliant  blaok  substance,  closely 
resembling  Jet,  and  possessing  concboidal  fractare,  difficnlt  to  extract 
even  in  very  small  qoantity,  but  having,  according  to  Mr.  Pearce,  the 
following  composition : 


So.'.'.' 


It  was  Bnbseqnently  ascertained  tbat  the  toss  on  ignition  represents 
SOj  as  well  as  HiO,  hence  it  is  aseleas  to  attempt  the  construction  of 


Filling  interstices  between  the  nodular  forms  of  the  brown  mixtnre 
above  described  and  occurring  as  an  irregular  coating  on  much  of  the 
ore,  there  is  a  soft  powderof  a  bright  straw  color  of  which  the  average 
fiomposition  is  as  follows : 


XLIT, 

T-n. 
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•By  Aittem 
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The  resemblaQce  to  certain  alteration  products  of  (^lena  and  pyrite 
found  in  several  of  the  Jjeadville  mines  is  striking,  and,  like  some  o( 
these,  it  seems  to  be  a  miztnre  of  leadsnlphate,  jarosite,  andhydrated 
ferric  arseniate. 

All  of  the  abore-deBCribed  minerals  and  miztnres,  vitlL  exception  of 
crystallized  jarosite,  may  sometimes  be  observed  on  one  and  the  same 
piece  of  ore.  It  is  not  improbable  that  AirtherinTestigation  at  the  mine 
itself  might  bring  to  light  still  other  minerals  belonging  to  the  groap 
of  hydrous  arseniates. 

In  this  connection  it  may  be  mentioned  that  Mr.  Pearce  has  identi- 
fied pseodomalaohite  occarring  with  hlibnerite  (seep.  96)  firom  near  Pbil- 
lipsburg,  Montana  Territory.  According  to  Mr.  f  euce's  analyeds  it 
oontaina  GdO  62.66,  PiO|  20.10,HiO  17.31  (by  dift'erence). 
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By  W.  F.  HlLLBBBAKD. 


L^LUHGITE. 

OoouBBENOE. — The  cobaltiferoas  and  niokeliferoas  variety  of  1611- 
ingite  which  is  to  be  described  occnre  at  the  head  of  Brash  Creek,  Gun- 
dIbod  County,  Colorado.  It  has  been  found  in  the  Laona  mine  at  the 
western  base  of  Teocalli  Moantaiu,  and  in  the  American  Eagle  and 
Horace  Port«r  mines  oo  White  Bock  Moontain.  The  peculiar  ore  bodies 
of  which  the  ISlliugite  forms  a  part  are  irregular  masses,  the  relations 
of  which  are  not  yet  understood.  The  investigations  of  the  United 
States  Geological  Sorrey,  now  in  progress  in  Gunnison  County,  include 
the  area  of  Brush  Creek,  and  these  interesting  bodies  will  be  earefally 
studied. 

At  the  Laona  tnine,  according  to  Mr.  J.  Q.  RidgJey,  of  Denver,  the 
ISllingite  is  associated  with  native  silver,  pronstite,  argentite,  pyrar- 
gyrite,  chalcopyrite,  galeun,  aiderite,  barite,  and  calcite,  the  last  three 
composing  the  gangue.  Much  of  it  is  decomposed,  forming  secondary 
oxidized  products,  most  conspicuous  among  which  is  erythrite.  At  the 
other  localities  smaltiw  is  a  common  associate.  The  smaltite  analyzed 
by  Dr.  W.  M.  Ilea  {Am.  Jour,  of  Sci.,  Ill,  XXIIl,  380,  1882)  was  prob- 
ably from  one  of  the  mines  on  White  Bock  Mountain. 

Desobiption. — The  lolUngite  occurs  in  compaQt,  massive  form,  and 
also  embedded  in  barite  or  siderite,  and  presents  a  very  striking  appear- 
ance on  fresh  or  newly  fractured  sur&ces.  There  are  seen  embedded  ia 
the  siderite  and  barite  gangne,  steely  white  forms,  about  one-eighth  of 
an  inch  in  diameter,  of  pronounced  radiate  stracture,  the  longer  radii 
protruding  &om  the  mass  and  giving  the  whole  a  beaatifdl  stellate  ap* 
pearance.  The  star  forms  occur  sometimes  single,  but  more  frequently 
joined  together  in  greater  or  less  number  without  losing  in  any  marked 
degree  the  peculiar  character  of  the  individual.  In  some  specimens  the 
appearance  approaches  that  of  a  dense,  homogeneonsmass,  several  laches 
in  diameter,  but  even  in  the  densest  portions  the  radiate  structure  is 
generally  distinctly  discernible. 

In  order  to  discover,  if  possible,  a  clue  to  the  ciystallographio  strac- 
ture, and  also  to  obtain  material  for  analysis,  specimens  were  treated 
with  hydrochloric  acid  without  previous  crushing,  whereby  the  siderite 
(307)  B9 
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and  the  arseniates  of  iroo,  cobalt,  and  oiokel  were  entirelj-  dissolved. 
Tlie  l&DiuKite  remained  qaite  black  on  oil  parts  where  the  ^angne  bad 
been  eaten  away,  hat  eiurfacea  of  previons  fracture  retained  their  n'hiti^ 
color.  The  star  like  forms  were  then  seen  to  be  oomposed  of  a  consid- 
erable uamber  of  lonfr  flattened  ellipsoids,  interpenetrating  at  a  C(Hn- 
moD  centre  in  every  direction.  When  one  of  these  clnsters  was  broken 
through,  the  star  form  appeared  oir  the  surface  of  fracture.  The  aggre- 
gates were  joined  together  loosely,  now  that  the  cementing  material  had 
been  removed,  thougli  ireqnently  in  large  clusters  of  many  bnudredsof 
all  sizes,  from  those  risible  only  with  the  aid  of  a  microscope  to  otb^s 
an  eighth  of  an  inch  or  more  iu  diameter. 

A  microscopical  study  of  the  finer  part  of  the  material  liberated  &odi 
Its  imprisonment  in  ihe  gangne,  and  broken  off  from  the  larger  pieces 
during  the  treatment  with  acid  and  subsequent  washing,  furnished 
the  solution  to  the  question  as  to  what  was  the  cij'stallograpbic 
form  of  the  flattened  ellipsoids  composing  the  aggregates,  and  the  law 
of  the  twinning.  The  fundamental  form  is  that  of  lollingite,  showing 
only  the  prism  and  macrodome,  as  in  Fig.  14.^  Frequently  these  two 
forms  are  equally  developed,  producing  a  n'semblance  to  a  low  pyra- 
mid of  the  tetragonal  system.  Yery  few  even  of  the  most  minute 
crystals  are  perfect  in  form,  and  possessed  of  snfiBciently  smooth  sur- 
faces to  allow  of  even  approximate  measurement  under  the  microscope. 
Bepeated  attempts  were  made  to  get  these  in  proper  position  under 
the  instmment,  but  in  only  one  caae  with  comparative  sncoesa,  owing 
to  their  microscopic  size.  The  angle  of  the  prism  was  then  found  to  be 
very  nearly  122°,  that  given  for  lollingite  being  122°  26*. 

Parallel  to  the  combination  edge  of  tbe  prism  and  macrodome  there 
is  almost  always  on  the  prism  a  striation  (more  coarsely  marked  the 
larger  the  crj'stal),  caused  by  the  alternate  reproduction  of  the  pris- 
matic and  domatio  faces.  Approaching  the  combinullon  edge  the  re- 
produced dome  face  becomes  relatively  larger  than  thatoftbepiism,  tiie 
consequence  of  which  is  a  gradual  ronnding  of  the  comers  and  a  con- 
traction, and  eventual  disappearance  of  a  distinct  terminal  dome,  the 
result  being,  as  represented  in  Fig.  15,  an  elipsoidal  form  with  a  slight 
ridge  through  the  center  representing  a  prism  edge.  Frequently  the 
corners  of  a  crystal,  oconpying  the  jMisition  of  Fig.  14,  appear  as  if 
modified  by  a  bracbydome,  but  no  such  form  has  been  observed,  the  re- 
placement being  a  straight  serrated  edge,  caused  by  the  same  alterna- 
tion of  faces  as  in  the  case  of  rounded  comers.  Even  where  the  macro- 
dome  ia  welt  developed  it  generally  shows  a  continuation  in  some  degree 
of  the  prismatic  striation  parallel  to  the  same  combination  edge. 

Theflrst  step  toward  the  complex  twin  structure  is  the  formation  of 

"AH  tbe  acoompsnj-ing  flgareH,  with  the  exceptiou  of  Fi){.  14,  wio  drawn  hj  the 
*id  ot  a  o»inerB  lucida,  and  therefore  make  uo  preteDsions  to  cTystallofcisphia  acca- 
riwy.    Fig.  IT  ie  mognilled  about  15  diameters,  the  otbera  from  40  to  150  diametere. 


D.)     LdLLIirGITE  A^-D  AS80CUTES.  91 

a  single  twiu,  or,  rather,  txilliBg,  by  interpeoetratioD  of  three  aiuglo 
ciystalB  hnving  the  basal  aectioo  ia  godiiiiod,  and  a  &ce  of  the  prism  an 
compoaitiOD  fooe  (Fig.  16).  A  baaal  section  shows  a  six-rayed  star,  with 
angles  of  very  nearly  60°,  by  microscopical  measnremeiit,  between  the 
axes  of  the  rays.  In  the  microscopic  trillings  one  individual  frequently 
predominates  greatly  in  size  over  the  other  two,  these  appearing  often  as 
thin  leaves,  projectius  bntashort  way  out  of  the  larger  crystal.  These 
trillings  are  finally  found  again  interpenetrating,  not  according  to  auy 
recognizable  law,  but  seemingly  in  every  direction,  and  in  indefinite 
numbers,  forming  thas  the  complex  aggregates  first  spokuu  of.  AH  tbese 
«tages  of  changes  in  form  may  be  observed  with  great  ease  under  the 
microscope,  the  very  smallest  crystals  alone  showiug  crystallographic 
faces  well  defined.  As  the  crystals,  single  or  twin,  increase  in  size,  the 
foces  gradually  grow  more  and  more  indistinct,  and  finally  disappear 
entirely  in  consequence  of  increasing  striation. 

^Notwithstanding  repeated  attempts,  the  basal  cleavage  mentioned  in 
text-books  as  characteristic  of  loUingite  could  rarely  be  produced,  and 
no  cleavage  in  any  other  direction  except  in  the  case  of  the  trill- 
ings. Here  an  indivldnal  frequently  broke  off  at  the  line  of  union  of 
the  three;  that  is,  in  a  plane  parallel  to  the  bracfaypinacoid. 

Aside  from  the  forms  distinctly  recognizable  as  lollingite  are,  however, 
others  belonging  apparently  to  two  different  miitemls.  The  firat  of 
tbese  became  visible  on  dissolving  the  gaugae,  when  there  came  to  the 
surfiice  of  the  acid  and  the  water  used  for  washing  out  the  latter  a 
great  nnmber  of  minute  but  brilliant  metallic  particles,  which  resolved 
themselves,  under  the  loupe,  but  stiU  better  under  the  microscope,  into 
thin  leaves  or  blades,  of  which  Fig.  17  represents  one  of  the  more  per- 
fect examples.  Its  forms  appear  to  consist  'of  two  pinacoids  of  the 
rhombic  system,  one  very  broad,  the  other  very  narrow,  and  a  terminal 
dome  having  an  angle  of  almost  exactly  90°  by  microscopical  measure- 
ment. The  faces  are  most  brilliantly  refiecting.  Distinct  cleavage  wad 
not  observable.  The  second  mineral,  which  is  almost  always  micro- 
Acopic  in  size,  is  represented  in  Figs.  18,  19,  and  20.  The  prominent 
form  is  that  of  a  lengthened  prism  with  an  angle  of  very  nearly  if  not 
qnite  90°.  Repeated  measoreqients  gave  values  fluctuating  between 
SS°  and  92°  as  the  extremes.  It  is  terminated  at  right  angles  by  a 
basal  plane,  the  four  comers  of  which  are  frequently  replaced  by  faces 
which  may  be  those  of  a  pyramid  or  two  domes,  aeoording  as  the  habit 
is  pinacoidal  or  prismatic.  The  cleavage  is  parallel  to  the  base.  Single 
crystals  are  rare,  two  or  more  being  generally  seen  interpenetrating,  as 
in  Figs.  18  and  19,  generally  at  an  angle  of  90°,  or  nnited,  as  in  Fig.  20. 
In  the  latter  figure  only  the  outlines,  not  the  faces,  of  the  different  hori- 
zontal individunls  are  shown;  nor  do  the  nnmerons  vertical  attach- 
ments present  appear.  Occasional  instances  of  three  prisms  crossing 
at  right  angles  like  the  axes  of  a  rectangular  system  were  observed, 
and  also  a  single  instance  of  the  form  represented  iu  Fig.  21,  where 
(309) 
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each  of  the  arms  ebowed  a  domatic  face.  The  uiout  strikiug  feature  of 
all  bat  the  last  of  theae  difl'erent  forms  is  the  invariable  widening  at 
the  point  of  Quion  or  intersection,  as  abowii  in  the  figures. 

CHE»ioi.L  Composition. — Even  an  approximate  separation  of  the 
last  two  minerals  described,  from  each  other  and  ftom  the  smallest 
lollingite  crystals,  was  impossible,  hence  no  conclusion  coald  bereachetl 
as  to  their  quantitative  composition.  Qualitative  tests  proved  tbein 
both  to  be  arseniates  of  cobalt,  the  sqnare  prismatic  forms  coutainiu^ 
also  iron  and  nickel.  An  incomplete  quantitative  tesi  upon  a  mixture 
of  these  three  minerals  showed  a  much  higher  percentage  of  cobalt 
and  nickel  than  the  analysisof  the  pure  lollingite. 

Before  the  blow-pipe  the  lollingite  furnished  the  reactions  mentioned 
in  the  test-books,  the  residue  after  treatment  with  charcoal  being  infns- 
ible,  strongly  magnetic,  and,  furthermore,  giving  the  characteristic  reac- 
tion for  cobalt  with  fluxes ;  soluble  in  nitric  acid,  giving  a  pink  sola- 
tion. 

Of  the  analyses  given  below,  XLY  was  made  upon  clusters  of  lolling- 
ite trillings,  free,  so  far  as  could  be  determined  by  the  lonpe,  from 
attached  or  penetrating  blades  or  prisms  of  the  other  two  minerals 
described.  As  a  check  a  small  quantity  of  the  siugle  crystals  and  trill- 
ings was  picked  out  with  the  utmost  care  under  the  microscope  and  sub- 
jected to  partial  analysis  (XLYI),  no  trace  of  foreign  adbereot  matter 
being  visible.  The  epeciflc  gravity  of  the  material  nsed  for  the  first 
analysis  was  7.335  at  lii°  C.  Correcting  for  one  half  per  cent,  of  sili- 
ceous gaugue  of  assumed  specific  gravity  2.65,  the  tme  specific  gravity 
of  the  mineral  becomes  7.400. 
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■  The  first  of  these  analyses  leads  closely  to  the  formula  Fe  (Co,  2Ti)  As 
(S)i,  while  XLYI  shows  beyoud  a  doubt  that  both  cobalt  and  nickel  are 
CODstitnents  of  the  ISUingite  and  not  derived  from  attached  crystals  of 
either  of  the  other  minerals.  The  presence  of  cobalt  recalls  the  glan- 
copyrite  of  Sandberger,  though  the  autimony  found  in  that  mineral  is 
here  wanting.  The  peculiar  comb-like  excrescences  described  by  him, 
indicating  rhombic  twiuiiiug  by  iuterpenetration,  may  be  analogous  in 
some  degree  to  the  twinned  stractare  of  the  preseut  mineral. 

Some  varieties  of  rhombic  CoAs*,  all  of  which,  according  to  Leroy 
W.  McCay,"  should  be  united  under  the  name  safflorite,  present  features 

"InkDgaial  Diaaettation,  Freiberg,  18B3. 
(310) 
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remai  kably  like  some  of  tbose  bereio  described,  notably  as  regards  the 
tendency  to  torai  twins  of  interpenetration ;  and  from  tbe  presence  of  co- 
balt it  might  be  Rospected  that  this  mineral  was  rather  to  be  considered 
as  aafflorite  than  loUingite.  Its  exceedingly  high  percentage  of  iron 
and  high  specific  gravity,  both  greater  than  that  of  any  safflorite  yet 
examined,  are  not  unimportant  objections  to  this  concInsiOQ. 

In  the  description  of  this  mineral  in  the  American  Journal  of  Science, 
Vol  XXVII,  p.  354,  throngh  a  misapprehension  not  to  be  explained  in 
a  few  words,  Sandberger  is  wrongly  quoted  as  authority  for  the  state- 
ment that  the  brachvdome  ia  characteristic  of  rhombic  Co  Asi-  Atten- 
tion was  called  to  this  error  by  Mr.  Leroy  W.  McGay,  who  is  inclined 
to  consider  tbe  above-tiescribed  mineral  as  safflorite.  While  acknowl- 
edging that  throngh  the  elimination  of  the  statement  referred  to,  the 
main  |)oint  there  brought  forward  in  favor  of  identity  with  lOIUogite 
was  taken  away,  the  evidence  ia  by  no  means  conclusive  that  the  min- 
eral shoald  be  classed  with  sefBorite.  Farther  examination,  especially 
of  a  crjstallographical  nature,  on  both  ISUingite  and  safflorite,  are  ne- 
cessary in  order  Ui  settle  this  qnestiun.  The  mineral  having  been 
already  described  as  Idllingite,  this  name  is  here  retained. 

ZINCKENTTE. 

In  the  Brobdignag  mine.  Bed  Mountain,  Shu  Jnan  County,  Colorado, 
occurs  a  maesive  gray  mineral  showing  greasy  metallic  lustre,  without 
apparent  crystalline  slructure,  bnt  to  all  appearances  of  complete  homo- 
geneity ;  of  specific  gravity  5.21  at  18<^  C.  and  hardness  3-3.5,  which  upon 
analysis  was  found  to  be  an  arseniferons  ztnckenite,  this  being,  it  is 
believed,  the  first  observed  occnrrenco  of  the  mineral  ia  the  United 
States.  Besides  tbe  osual  blow-pipe  reactions  for  zinckenite,  including 
violent  decrepitation,  there  appear  tbose  tor  arsenic,  preceded  in  the 
closed  tube  by  a  light  sublimate  of  sulphur.    The  results  of  analysis 
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While  tliiH  is  close  enoagli  to  tbe  thfwretical  ratio  1:1:4  to  establish  the 
prottable  formala  PbSjSliiSi,  the  renalt  was  not  snch  as  the  care  ex- 
pended CD  the  analysis  warranted,  sapposing  that  no  imparities  were 
preseut.  Catcolation  shows  that  while  the  antimony  and  arsenic  taken 
together  are  in  excess  of  the  amoant  required  for  lead,  copper,  and  sil- 
ver, tbe  sulphur  falls  short  by  half  of  one  per  cent.  Tbe  acioal  detictt 
in  the  latter  amounts,  however,  to  about  one  per  cent.,  for  it  was  foaud 
that  about  half  of  one  per  cent,  existed  in  the  free  state  and  could  be 
extracted  by  carbon-disulphide.  Tbe  only  explanatioD  of  tbese  contm- 
dictory  circumstances  was  to  be  soaght  in  the  pretence  of  oxygen  saltc, 
which  woald  at  the  same  time  account  for  the  dtfl'erence  between  the 
sum  total  of  the  analysis  and  100, 

Ammoniam  acetate  foiled  to  extract  any  lead  sulphate,  but  neveitbe- 
lesa  pure  water  extracted  a  not  inconsiderable  quantity  of  solnble  mat- 
ter, even  when  the  digestion  was  carried  on  in  an  atmospbero  of  car- 
bonic acid.  The  filtrate  showed  neither  acid  nor  alkaline  reaction 
toward  litmus  paper.  Silrer  nitrate  produced  no  precipitate  whatever, 
thus  showing  the  absence  of  soluble  chlorides  or  sulphides;  but  hydro- 
gen sulphide  tbrew  down  a  copious  orange-colored  precipitate  of  anti- 
mony trisolphide  and  the  correspondingarseniccomponnd,  entirely  free 
from  lead.  Barium  chloride  produced  a  slight  precipitate  of  barium 
sulphate.  The  antimony  consequently  existed'  in  solution  in  an  oxid* 
ized  state — that  of  triozide — as  shown  by  evaporating  some  of  tbe 
original  solution  with  hydrochloric  acid  and  adding  potassium  iodide. 
The  manner  of  combination  was  not  ascertained,  bnt  Itom  the  presence 
of  alkalies  this  seems  pretty  certainly  indicated.  The  salts,  whatever 
they  may  be,  are  not  very  readily  solnble,  for  six  digestions  with  warm 
water  in  an  atmosphere  of  carbonic  acid  were  insnfBcent  to  complete 
the  extraction.  The  snlphur  trioxide  found  was  probablj'  combined 
with  lime. 

These  experiments  show  that  a  large  pert  of  the  apparent  loss  in  tbe 
analysis  is  to  be  made  np  by  oxygeu,  which,  by  requiring  a  consid- 
erable proportion  of  antimony,  arsenic,  and  snlphur  for  combination^ 
brings  tbe  ratio  of  tbe  elements  actually  constituting  the  zinckenite 
very  near  that  reqoired  by  theory.  They  also  show  that  tbe  specific 
gravity  given  above,  even  were  it  corrected  for  quartz,  is  too  low. 
Suitable  corrections  for  quartz,  free  sulphur,  and  solnble  salts  would 
undoubtedly  increase  the  specific  gravity  to  the  figure  given  in  text- 
books, i.  e.,  6.3-5.36. 

The  above  method  of  examination  and  its  resnlts  have  been  dwelt  upon 
somewhat  in  detail,  because  they  show  bo  clearly  that  apparent  homo* 
^neity  in  tbe  case  of  non-crystallized  metaUio  sulphides  is  no  criterion  of 
their  purity,  and  also  because  thereby  is  indicated  a  possible  way  of  recon- 
ciling with  some  definite  formula  the  results  of  many  analyses,  espe- 
cially of  massive  uncrystalhzed  metallic  sulphides,  like  the  one  here  de- 
(312) 
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Borlbed,  whose  positioD  in  a  syatem  of  classification  might  other  vise  tte 
imposnble  of  precise  detemuDation.    (See  also  Gaitennanite,  p.  106.) 


Id  the  collection  of  the  Colorado  Scientiflo  Society  are  a  few  speeimena 
of  a  mineral  from  the  Comstock  mine,  near  Parrott  City,  La  Plata 
Coonty,  Colorado,  presented  by  Mr.  R.  C  Hills,  according  to  whom  it 
occurs  in  a  qaurtz  vein  associated  with  pyrite,  sphalerite,  a  t«llaride  of 
nnknown  oomi>08itiou,  though  probably  sylvanite,  and  native  gold.  In 
the  specimens  examined  it  appears  in  irregnlar  maseea  of  small  size^ 
rarely  an  inch  in  length,  and  generally  much  smaller,  withoat  cleavage 
or  recognizable  crystalline  stmcture  except  for  an  occasional  faiut  indi- 
cation of  fibrous  texture  on  fractnred  surface.  The  fracture  isirregalar;^ 
color,  grayish  white,  but  pale  yellow  on  exposed  surfaces  ;  hardness,. 
attODt  3.5 ;  specitlc  gravity  undetermined. 

The  outer  zone  of  the  small  bodies  spoken  of  is  found  on  close  exam- 
ination to  be  a  mixture  of  two  or  more  minerals,  among  which  minat« 
grains  of  pyrit«  were  ulone  recognizable.  Sufficient  material  was,  how- 
ever, obtained  for  analysis,  fh>e  from  all  impurity,  except  a  little  pyrite 
and  1.29  per  cent,  of  insoluble  gangue.  This  afforded  the  following  re- 
actions: In  closed  tube,  anblimate  of  sulphur;  in  open  tube,  formation 
of  sulphur  dioxide ;  on  charcoal,  fusible,  giving  reactions  for  lead,  bis- 
muth, silver,  and  copper;  soluble  in  chlorhydric  and  nitric  acids,  in  the 
former  with  precipitation  of  silver  chloride. 

The  analysis,  after  deduction  of  the  gangae,  gave  these  results : 
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'  Itis  IdUmriag  atotnlo  weUhU  an  ued :  BL  S0»,  Af.  108,  Co.  S1.4,  Pix  MT,  Fa.  M,  &  12. 

Allowing  for  the  iron  and  a  proportionate  amount  of  sulphur  as  pyrite^ 
the  atomic  ratio  deduced  from  the  above  is : 


R      : 

2.00  : 


Bi,    : 

1.00  ; 


4.94 


showing  the  genra^l  formola  for  the  mineral  to  be  2  BS-HBitSj,  wherein 
it  represents  Fb  and  the  doable  atoms  Ag,  and  Cui.  The  ratio  or 
Agj-I-Cn, :  Pb  is  1 : 1.11. 

Although  copper  was  absent,  and  but  2  per  cent  of  silver  present  in 

the  mineral  originally  described  by  Oenth  as  cosalite,  it  does  not  appear 

(313) 
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advisable,  in  ttae  abseDce  of  any  data  as  to  the  crystallograpbic  form, 
to  coDsider  this  a  dii^tinot  species,  bnt  to  class  it,  as  has  been  done  with 
bjelkite,  ander  cosalite. 

HUBNBBTEIC. 

In  the  collection  of  the  Oolorado  Scientific  Society  are  sjiecimens  of 
hiibnerite  A-om  the  Royal  Albert  vein,  Uncompahgre  district,  Onray 
Connty,  Colorado. 

The  mineral  occnrs  in  long  flattened  orj-stals  vertically  striated,  im- 
bedded in  quartz,  bnt  none  sufficiently  well  formed  for  measurement 
could  be  extracted;  in  fact,  definite  faces  are  rarely  visible,  though  two 
prisma  and  the  orthopiuacoid  have  been  observed.  The  lustre  is  snb- 
vitreous  to  resinons,  and  the  color  brownish  black  to  pale  yellow  in  very 
thin  crystals.  In  transmitted  light  the  color  is  ruby  red  to  yellow, 
slightly  tinged  with  green  when  the  thickness  is  not  too  great.  Ex- 
tinction takes  place  parallel  to  the  vertical  axis  in  a  plate  parallel  to 
the  orthopinacoid,  and  at  an  angle  of  19°  to  20^  to  the  same  axis  in  a 
cleavage  section  parallel  to  the  clinopinaooid,  as  observed  by  Dee  Cloi- 
zeanx  for  wolfriimite.  In  the  plates  parallel  to  the  orthopinacoid  a 
tendency  to  cleave  at  right  angles  to  the  clinopinacoid  and  also  at 
angles  approximating  6t<>  and  6S<^  to  the  same  face  was  observed.  The 
Bpeclfle  gravity  at  24°  G.  is  7.177,  and  the  composition  as  follows: 


ZLtX. 
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Which  agrees  very  closely  with  that  required  by  theory  for  the  formola 
MnWO*. 

This  mineral  is  also  found  in  a  mine  near  Phillipsbnrg,  Montana, 
according  to  Mr.  Richard  Pearce.  The  specimens  in  the  collection  of 
the  Oolorado  Scientific  Society  show  large  flattened  crystals  of  imperfect 
form  in  quartz.  Mr.  A.  H.  Low,  chemist  at  the  Boston  and  Oolorado 
Smelting  Works,  has  analyzed  the  mineral  approximately  and  found: 
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Other  looalities  of  occurence  in  Colorado  are  James  town,  in  Boulder 
OouDty,  and  near  Silverton,  in  San  Juan  County. 
(314) 
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BINDHEIMITB. 


A  speoimeD  of  biadbeimite  from  »  claim  near  tbe  Bertrand  mine, 
Secret  CauOQ,  Nevada,  came  iutx)  posaession  of  tbe  Colorado  Soieotiflo 
Society,  and  was  analyzed  in  tbe  laboratory  of  tbe  Survey.  Tbe  speci- 
men was  compact  and  devoid  of  crystal  form,  except  for  a  few  mioate 
erystals  impossible  of  identificatioa.  Tbe  color,  in  general  a  yellowish 
green,  was  in  places  lemon  yellow.  The  specific  gravity  at  19°  O.  was 
5.01,  after  allowing  for  4.^  per  cent  of  qaartz  of  2.66  epeciflo  gravit>y, 
and  20^  per  cent,  of  oerassite  of  specific  gravity  6.6.  Tbe  following 
Are  the  lesnltB  of  analysis : 
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Of  the  water  1.95  per  cent,  escaped  over  ealpbaTioacid,aDd  a  farther 
0.70  per  cent,  at  100°  C.  The  oxygen  ratio  derived  from  the  above,  ex- 
ploding PbCOi,  Ag,  and  Fe,Oj,  is: 

BO:  Sb,0.:  H,0 

3.14:  10.flU:  5.92 

If  that  water  which  e8cax>6s  over  snlphnric  acid  be  considered  true 
bygroflcopic  water,  the  ratio  becomes  3.14:10.00:3.98.  The  first  of 
these  ratios  corresponds  to  tbe  formula  3  PbO,  2  SbfOt,  6  H(0,  while 
the  second  is  represented  by  3  PbO,  2  SbiOe,  4  HiO. 

KAOLINTTE. 

In  the  American  Jonmal  of  Science,  Vol.  XXVII,  1884,  p.  472,  Mr. 
B.  G.  Hills  gave  a  short  description  of  tbe  material  whose  chemical  com- 
position is  diseassed  below.  The  mineral  appears  as  a  white  or  straw- 
colored  powder,  composed  of  minute  scales,  and  occurs  in  certain  vuggs 
or  cavities  in  a  quartz  vein  material,  inclosed  in  a  large  mass  of  erup- 
tive rock,  of  which  it  is  an  alteration  product.  Barite,  galena,  and  oc- 
casionf^ly  other  ore  minerals  are  associated  with  tbe  kaolinite.  The 
National  Belle  mine,  on  Bed  Mouutatn,  near  Silverton,  Sao  Jnan 
County,  Colorado,  is  the  original  and  principal  locality  for  this  mineral. 
Boll.  20 7  (316) 
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Under  the  microscope  the  powder  resolves  into  a  mnltltnde  of  moat 
perfect  transparent  crystals  of  hexagoual  form,  bat  evideutly  of  tlie 
rhomhic  system,  as  shown  by  the  optical  action.  They  present  a  pre- 
dominant basal  plane,  but  also  very  distinctly  a  rhombic  pyrunid  and 
a  braohydome  of  very  similar  development,  thns  maintaining  the  re- 
semblance to  a  hexagonal  form.  Fignres  illostrating  these  crystals 
accompanied  Mr.  Hill's  description, 

Chekioal  Cohposition. — The  material  examined  contained  a  onm- 
ber  of  black  grains  as  an  Impnrity,  and  was  of  a  very  faint  straw-yel- 
low color,  from  a  thin  coating  of  limonite.  The  latter  was  mostly  re- 
moved by  hydrochloric  add  and  the  former  by  stirring  np  with  water 
in  a  beaker,  allowing  the  glass  to  stand  for  a  moment  and  then  pooring 
off  what  had  not  yet  settled.  The  residue  was  again  treated  in  a  similar 
manner.  From  the  decanted  portion  a  very  pore  product  was  obtained, 
of  brilliant  whiteness. 

The  fine  flakes,  when  suspended  in  quantity  in  water,  impart  to  the 
latter  a  most  beautifiil  satiny  appearance. 

At  18^°  O.  the  specific  gravity  of  the  purified  substance  is  2.611.  Be- 
fore the  blow-pipe  iutumesceace  takes  place,  but  no  fusion  whatever. 
Strong  boiling  hydrochloric  and  snlpbaric  acids  exercise  little  solvent 
action.    The  following  are  the  results  of  analysis: 
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The  FCfOa  comes  nndonbtedly  irom  limonite  which  had  not  been  en- 
tirely removed  by  hydrochloric  acid. 

None  of  the  water  escapes  at  a  temperature  of  330°  0. ;  it  is  there- 
&re  probably  all  basic  water.  The  text-books  mention  half  the  water 
of  kaolinite  as  probably  basic.  If  this  is  true,  a  marked  dislinction, 
aside  iivm  that  occasioned  by  the  'presence  of  fluorine,  exists  between 
this  mineral  and  kaolinite.  Freuzel  has  described  a  variety  of  kaolin 
(myelin),^  which  loses  none  of  its  water  until  a  very  high  temperatare 
is  reached. 

This  point  should  be  carefnily  observed  in  future  examinations  of 
similar  minerals,  for  upon  the  confirmation  of  such  a  difference  as  t-hat 
mentioned,  oonpled,  perhaps,  with  the  presence  of  fluorine,  there  would 

"Nkumanii-Zirkel,  If  ineralogle,  llth  ed.,  p.  076. 
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be  necessitated  the  Beparation  of  sach  miDerals  as  the  preset  one  and 
myelin  from  kaolinite. 


From  th«  BocheUe  mine,  on  BunoiDg  Water  Biver,  Wyoming  Ter- 
ritory, there  was  obtained  a  single  lament  of  a  dark  green  mineral, 
apparently  a  pseudomorph.  Althoagh  oryatal  planes  were  visible,  as 
wedl  as  more  than  one  direction  of  cleavage,  the  identity  of  the  oiigioal 
mineral  coald  not  be  ascertained,  partly  owing  to  the  cntting  of  artificial 
faces.  In  one  direction,  parallel  to  one  of  prononnced  cleavage,  a  dis- 
tinct lamination  was  observable.  Edges  and  thin  flakes  were  trausla- 
cent.  The  lustre  was  greasy,  and  the  color  of  the  powder  apple-green. 
Specific  gravity  at  12^°  C,  2.831.    Hardness  about  3.    Analysis  gave: 
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It  is  evident  from  the  analysis  that  the  product  of  alteration  is  allied 
to  moscovlte.  With  substitution  of  FejOj  for  Gr^Oj  the  composition 
agrees  almost  exactly  with  that  of  the  pseudomorph  liebenerite. 

KATTVli  LBAD. 

W.  p.  Blake  describes  in  the  American  Journal  of  Science,  Vol. 
XXT,  p.  161,  native  lead  occarring  on  galena,  from  the  Jay  Gould 
mine,  Wood  Biver  district,  Idaho  Territory.  A  specimen  of  this  occur- 
rence in  the  collection  of  the  Survey  shows  metallic  lead,  withont  any 
galena,  running  through  a  mass  of  quartz  rook  (the  latter  stAlned  red- 
dish, perhaps  from  mininm).  The  quartz  is  somewhat  cracked,  and 
the  several  pieces  are  held  in  place  by  filaments  of  lead.  A  white  coat- 
ing of  lead  carbonate  appears  in  a  few  small  cavities.  The  lead  is 
argentiferons. 

(317)     ' 
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By  W.  F.   HlI,LEBRANIl. 


Tbe  ZuQi  mine  on  Anvil  Monntain,  near  Silverton,  San  Jnan  Gonnty, 
Colorado,  faas  furnished  to  Bcience  two  new  minerala,  one  of  them  being 
of  a  remarkably  interesting  nature. 

A  portion  of  tbe  ore  from  this  mine,  as  represented  by  two  apedmeue, 
for  the  ase  of  which  I  am  indebted  to  Mr.  Franklin  Gnitennan,  consists, 
vhea  unaltered,  of  an  nnorystaltized  salphlde  of  lead  and  arsenic,  npon 
broken  sarfaces  of  whicb  appear  namberless  projettting  glassy  faces  of 
tetrahedra  of  the  regular  system.  On  destroying  the  snlphide  by  nitric 
or  nitro-hydrochloric  acid,  washing  thoroaghly  by  deoantation,  and 
finally  employing  a  solution  of  high  specific  gravity  to  effect  separation 
from  a  very  small  amount  of  barite  and  whatever  other  lighter  or  heav- 
ier impnrities  may  be  present,  a  product  is  obtained  consisting  of  fine 

crystals  on  which  the  predominant  form  is  ;,,  gt-nerally  modified  by 

— g,  and  freqqenttr  alw  by  a  0  «  and  5^"  (Whitman  Cross).  While 
goniometric  measorements  of  the  tetrahedra!  angles  by  Mr.  Gross  va- 
ne<l  freqnently  within  a  degree  from  the  normal,  this  must  have  been 
owing  to  sorfaue  irregularities,  for  generally  the  crystals  are  entirely 
without  action  on  polarized  light,  and  can  therefore  belong  to  none  bat 
the  regular  system,  although  a  few  show  very  ft^iot  polarization  due  to 
interior  tension  (Gross). 

Their  size  varies  from  that  of  extreme  minuteness  to  a  diameter,  in 
rare  instances,  of  6  millimeters.  The  smallest  of  tbe  crystals  are  gen- 
erally quite  olear  and  transparent,  but  the  vast  minority  carry  more  or 
less  uncrystallised,  unmagnetic,  black  inolnsions,  the  nature  of  which 
the  microscope  does  not  reveal.  Repeated  preliminary  tests  showed 
that  these  were  in  no  respect  similar  to  the  sulphide  in  which  the  crjs- 
tals  hnd  been  imbedded,  being  practically  insoluble  in  the  strongest 
acids,  with  the  exception  of  hydroflnorio  acid.  The  tetrahedra  them- 
selves, even  in  hne  powder,  are  also  nnaffected  by  any  acids  other  than 
hydrofluoric,  and  even  with  this  acid  the  action  is  very  slow.  Fusion 
with  potassium  hydrosulphate  effects  decomposition  in  time,  and  with 
alkaline  carbonates  quite  readily. 

The  lustre  is  glassy,  cleavage  octahedral,  hardness  about  7,  and  the 

specific  gravity  in  tbe  case  of  two  different  lots,  carrying  in  so  far  as 

could  be  judged  the  same  amount  of  inclasions,  was  2.90C  and  2.894,  at 

18J<*  0.  and  20^  O.,  respectively.     By  ddutiug  a  portion  of  the  Thoulet 
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Bolatioti  natil  a  fcw  miDate  cryst^  &ee  from  blaek  8i>evk8  lemaineit 
aasptinded  in  th«  liquid,  and  then  taking  the  density  of  the  latter  by  » 
Mohr  balance,  the  specific  gravity  of  the  pure  mlneTal  was  foond  to  be 
2.876  at  16°  C. 

The  inflnence  of  the  inclosions  upon  the  specific  gravity  was  not 
suiBoient  to  allow  of  effecting  anything  like  a  complete  separation,  by 
the  employmeot  of  a  solntion  of  high  density,  of  pare  matter  from  that 
carrying  inoloaions,  even  when  finely  powdered.  For  althongb  the  por- 
tions first  falling  consisted  of  the  largest  and  blackeet  crystals  or  tr»g- 
ments,  and  each  sooceeding  precipitate  was  of  a  slightly  lighter  shade, 
the  last  was  still  noticeably  dark  and  by  no  means  pore.  The  difficalty 
of  separation  in  tliis  manner  was  further  enhanced  by  the  fact  that 
mooh  of  the  material  ftom  which  the  portions  taken  for  final  analysiB 
were  obtained  was  more  or  less  altered  and  consequently  of  lower 
specific  gravity,  the  resnit  being  that  the  pure  crystals  and  slightly  al- 
tered ones  containing  many  incloBiona  fell  together.  After  very  great 
labor,  however,  enongb  material  for  final  tests  was  obtained  by  hand- 
picking  nnder  the  lonpe.  This  showed  no  signs  of  alterataou  and  hat 
here  and  there  a  mioate  black  speck, 

Qoalitative  analysis  of  less  pure  material  showed  the  presence  of 
silica,  titanic  oside,  alumina,  ferric  oxide,  soda,  potassa,  litbia,  flaorine, 
chlorme,  phosphorus  pentoxide,  and  water.  When  heated  in  a  tube 
acid  water  which  attacked  glass  was  given  off.  Whole  crystals  when 
heated  sometimes  decrepitated,  and  always  became  opaqne  and  peree- 
lain-like,  but  showed  no  sign  of  fusion  in  the  hottest  blow-pipe  flame. 

On  acconnt  of  the  hardness,  which  rendered  grindiDg  in  an  ^ate 
mortar  unatlvisable,  the  sample  wfks  cmehed  in  a  Ht«el  mortar,  the  metal 
from  the  latter  extracted  by  hydrochloric  acid,  and,  after  washing  thor- 
oughly by  filtration,  the  finest  portions  were  separated  from  the  coarse 
by  levigating  with  water.  The  most  impalpable  powder  was  reserved 
for  alkali  tests. 

In  these,  decomposition  was  effected  by  igniting  with  three  parts  of 
bismuth  oxide  for  half  an  hour  at  a  dull  red  heat  Treatment  with  hy- 
drofiaoric  acid  wonld  have  required  several  days  for  the  decomposition 
alone,  and  it  is  improbable  that  the  Lawrence  9mitb  method  would  have 
succeeded  well.  Lithia  could  not  be  quantitatively  estimated,  althongb 
the  spectroscopic  evidence  of  its  presence  was  strong. 

Silica,  alumina,  ferric  oxide,  titanic  oxide,  and  fluorine  were  generally 
estimated  in  the  same  portion,  and,  in  one  instance,  also  chlorine  and 
phosphoras  pentoxide.  Fusion  was  made  with  potassium  carbonate, 
^fter  separation  of  silica,  alumina,  etc,  in  the  nsual  manner,  the  phos- 
phoric acid  remaining  in  solution  was  removed  by  silver  nitrate.  The 
flnorine  was  not  calculated  i^m  the  weight  of  calcium  flnoride  obtained, 
bnt  from  the  difierence  between  this  weight  and  that  after  conversion 
into  sulphate.  In  one  instance  (analysis  LY,  below)  a  considerable 
amount  of  pure  silica  was  added  before  fusion  with  alkaline  carbonate, 
(31») 
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«id  here  somewliat  more  flaorine  was  focnd  than  wben  no  silica  vas 
added.  Hilica  was  always  examined  for  pfaoapboric  as  well  aa  for  titanic 
acid  when  the  latter  was  known  to  be  present. 

The  solation  containing  ferric  (titanic)  and  phosphoric  oxides  and 
alamina  was  divided  into  two  parts,  in  the  one  of  which  the  phospfao- 
ras  was  determined,  in  the  other  the  weight  of  the  combined  oxides- 
Tbe  latter  were  brought  into  solation  by  fosioa  with  potassium  hydro- 
Balphat«;  the  titanic  oxide  if  present  was  then  thrown  dowu  by  boiling 
in  presence  of  snlpharoos  acid,  and  the  iron  was  precipitated  as  sulphide 
from  a  tartaric  acid  solution  and  subsequently  weighed  aa  oxide.  The 
alumina  was  found  by  difference. 

Beryllia  was  carufully  tested  for  by  digesting  the  alumina  and  ferric 
oxide  (introduced  as  chlorides]  for  several  days  with  ammonium  car- 
bonate in  excess.  Tlie  very  slight  amoant  of  matter  found  then  in  so- 
lution proved  to  lie  alumina. 

Cblorioe  was  estimated  in  a  separate  portion  by  precipitating  aa  sil- 
ver chloride  in  a  platinum  dish,  after  leaching  the  alkaline  carbonate 
fusion  and  acidifying  the  filtrate  with  nitric  acid.  As  a  precautionary 
measure  the  chloride  was  thi>n  dissolved  on  the  filter  with  ammoniaand 
reprecipitated  by  nitric  acid,  after  which  it  was  collected  and  weighed 
in  a  Oooch  crucible.  In  one  instance  the  silver  chloride  thrown  dowu 
before  precipitating  the  duoriue  as  calcium  fluoride  was  weighed  and 
found  to  tally  very  closely  with  the  results  obtained  on  separate  portions. 

Water  was  estimated  by  heating  the  mineral  with  dry  eodiam  car- 
bonate in  a  glass  tube  and  collecting  in  a  weighed  calcium  dtloride  tube. 

The  results  upon  the  purest  material  were  as  follows : 
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In  dedaciog  a  formala  &om  tbese  datA  the  FegOj  and  PiOg  may  for 
i-easoDB  sabseqaeotly  mentioned  be  neglected,  Since  none  of  the  water 
«8cape8  at  2Hi°0,  it  may  be  assnoed  that  it  exista  as  water  of  coostito- 
tion,  or  basic  water,  and  it  is  perhaps  to  be  reckoned  with  the  email 
4]aantities  of  alkalies.  Tbe  atomic  ratio  is  then  found  to  be : 
{H,K,Na)  :  Si  :  (Al,)  :  (0,F„CU) 
1.2208      : 0.4055    : 0.5674    :    3.1233 

18.06      :   COO       :   S.-'9      :     46.21 
which  is  not  far  from 

18.0U    :   6.00       :   8.00      :    45.00 
giving  the  formula  E,sSia(Ali)g(0,FsCl,)«  or  9  K,0, 6  SiO,,  8  AljO^  with 
part  of  the  oxygen  replaced  by  flaorine  and  chlorine. 

The  FejOj  of  the  above  analyses  came  nndonbtedly  &om  a  thin  film 
of  ferric  oxide  on  the  tetrahedral  crystaln  which  bad  not  been  entirely 
removed  by  the  various  treatments  with  acids  to  which  th<  y  had  been 
subjected. 

The  PaOa  cannot  well  be  a  constituent  of  tbe  tetrabedra  and  is  prob- 
ably derived  from  a  small  proportion  of  an  admixed  atnminiam  phos- 
phate. The  excess  of  alumina  constantly  found  over  that  required  for 
the  above  formula  renders  this  the  more  likely.  Evidence  of  the  pres- 
ence of  an  admixed  phosphate  was  also  obtained  by  direct  experiment. 
In  material  not  specially  purified  there  were  observed  a  few  irreKular 
and  generally  dull  grains  which  at  first  were  supposed  to  be  fragments 
<tf  tetrahedra,  perhaps  slightly  altered.  Half  a  dozen  of  these,  weigh- 
ing in  all  less  than  1  milligram,  were  picked  oat,  crushed,  fhc<ed  with 
sodium  carbonate,  the  fusion  dissolved  in  nitric  acid,  and  a  few  drops 
«f  molybdate  solution  added.  A  distinct  yellow  precipitate  formed  in  a 
short  time.  Yet  while  the  presence  of  an  aluminium  phosphate  wonld, 
by  lowering  the  aluminium  of  the  above  analyses,  make  the  ratio  Si:Al, 
nearer  6:8  than  it  has  been  shown  to  be,  I  am  not  at  all  certain  that  the 
discrepancy  is  hereby  entirely  to  be  explained.  For  the  given  amount 
of  SiOj  only  55.19  i)er  cent,  of  AljOj  is  required,  leading  2,69  per  cent, 
for  combination  with  only  0.60  per  cent,  of  P,0(.  Moreover,  tbe  above 
given  ratio  between  SiO)  and  Al^Oa  has  been  found  by  repeated  earefhl 
analyses  not  included  in  the  above,  made  on  entirely  different  samples, 
to  be  practically  constant.  It  is  therefore  possible  that  the  true  formula 
is  more  complex  than  that  given  above,  or  that  some  source  of  eontam* 
tnation  exists  which  has  as  yet  escaped  detection.*' 

"After  the  above  yiah  ready  far  the  preaa  Mr.  Croaa  oomniaiiicated  to  me  ths  follow- 
ing fiuits  M  the  NanltH  of  further  micTOSOOpicBlezBinlnation; 

"The  EDoyitebu  apolartziDg  iDclnsioii,  qnlte  plentifal  tn  B/noorystela,  bntlftok- 
ing  entirely  in  most  of  theni.  When  moaated  in  balsam  the  dark  impnritiea  stand 
ont  very  plaliily,  cansing  <he  crystalB  to  seem  much  more  impure  tliui  they  i«ally  are. 
The  polarising  eubMance  cannot  be  identified,  bat  it  is  too  lirilliaiit  for  ^latite.  It 
liax  no  good  crystal  form,"  Tbis  polarizatioD,  he  further  aaySiia  distinct  firom  tliat 
■nentiODAd  on  j>,  tOO,  an  oocQ!:ional),T  nhnwo  by  tbe  xanyite  itaelf.  Hereby  the  opinion 
.«xpreeMd  above,  that  eome  foreign  admlxtnre  was  present,  is  confirmed. 
(321) 
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As  a  name  for  the  miQerid,  Zunyite  is  proposed,  after  the  tuine  from 
whicb  it  waa  obtaioed. 

The  black  inclnsioDS  in  the  zanyite  were  shown  to  contain  titania 
oxide  by  the  following  partial  analyses  of  dark  cryatala : 
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In  order  to  ascertain  whether  they  consisted  only  of  titanic  oxide  or  of 
some  tatanate,  an  attempt  was  made  to  separate  from  the  znnyite  a  qnau- 
tity  sofflcient  for  analysis.  It  was  soon  found  that  this  could  be  but 
very  imperfectly  accomplished  and  only  by  redncing  large  qoantities  of 
zonyite  crystals  to  fine  powder  and  then  effecting  the  separation  by 
means  of  the  Thoulet  solution.  In  this  manner  a  mixture  of  barite,  black 
particles,  and  attached  zunyite  was  obtained,  weighing,  after  thorough 
washing,  bnt  0,6528  gram,  which  furnished  the  following  results  on 
aoalysis: 
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Since  the  silica  wad  alamina  bear  to  ea«h  other  nearly  the  same  ratio 
as  in  Kunyite,  and  since  both  fluorine  and  water  were  fonnd  to  be  present 
in  small  quantity,  it  is  probable  that  all  these  were  deriv^  from 
attached  zunyite,  the  perfect  separation  of  which  from  the  tDClasiona 
is  practically  impossible  even  with  the  comparatively  large  amonnts 
operated  upon.  There  remains  then  only  titanic  and  a  little  ferric 
oxide,  showing  that  the  inclusions  consist,  in  all  probability,  of  titanic 
oxide  alone. 

By  far  the  greater  part  of  the  zunyite-bearing  ore  seems  to  be  in  an 
advanced  stage  of  decomposition.  Throqgh  the  kindness  of  Mr.  J.  A.  ■ 
Porter,  of  Darango,  Colorado,  the  Colorado  Soientiflo  Society  is  the  pos- 
sessor of  about  tlfty  pounds  of  this  altered  ore  completely  filled  with 
zunyite.  The  original  double  sulphide  has  almost  disappeared,  being 
changed  into  lead  snJphate  and  other  less  well-deflned  compounds. 
While  the  zunyite  is  here  in  great  measure  still  perfectly  fresh,  a  con- 
siderable portion  has  been  more  or  less  altered,  incipient  change  being 
indicated  by  a  faint  cloudiness  through  the  crystals  which,  begtunio^ 
apparently  at  the  centre,  spreads  outward  and  increases  in  degree 
until,  as  a  final  product,  there  ensues  a  dull  white  opaque  sabstance 
retaining  in  a  measure  the  outlines  of  the  original  crystal  and  showing 
here  and  there  a  black  grain  of  titanic  oxide. 
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It  W88  Stom  this  partially-altered  ore  Uiat  the  material  for  the  com- 
plete aualyais  above  given  and  for  the  inveBtigatioa  of  the  iDcluBions 
wae  obtained,  as  the  specimens  of  DDaltered  snlphide  were  two  small  to 
afford  Hafficient  material  by  haod-pioking. 

A  knowledge  of  the  compositioo  of  the  result  of  alteration  of  zunyite 
Beemed  desirable;  hence  the  lightest  of  all  portions  separated  by  the 
Thoolet  solutiOD,  of  specidc  gravity  2.45,  was  partially  analyzed.  The 
result  was  aosatisfactory,  indicating  a  mixture  of  probably  several  sob- 
stonces,  of  which  a  little  audeoomposed  zonyite  is  known  to  be  one,  bnt 
the  general  character  of  the  chemical  change  is  in  a  measare  shown. 
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Some  of  the  constituents,  as  the  AsjOg  and  ZnO,  have  evidently  been 
derived  tram  the  sulphide  ore  in  which  tbe  mineral  was  imbedded. 

O  U  IT  JCBM  A  W  I'l'K. 

The  metallic  sulphide  forming  the  matrix  of  the  zunyite,  of  which  in 
a  fresh  state,  as  before  observed,  but  two  specimens  were  at  disposal, 
is  of  a  btnisb-gray  color,  possesses  light  metallic  lustre,  and  a  hardness 
of  abont  3  on  places  free  from  included  zunyite.  A.  small  amount  of 
pyrite  is  visible  in  spots. 

Heated  in  the  closed  tube  it  fuses  readily  and  tliere  appears  a  slight 
sublimate  of  sulphur  followed  by  a  heavy  oue  of  arsenic  sulphide;  while 
on  charcoal  tbe  usual  reactions  for  sulphur,  arsenic,  and  lead  may  be  ob- 
served. 

The  following  analyses  were  made : 
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Analyses  TjXYI  a  and  i  were  firet  made,  on  material  which  had  a 
specilie  gravity  of  6.828  at  17Jo  0.  Corrected  for  admixed  zanyite  of 
specific  gravity  2.9,  this  becomes  5.94.  As  the  total  ooald  hardly  be 
broagfat  above  99  per  cent.,  in  spite  of  great  care  in  analyzing,  the  cause 
of  this  was  songbt  for  and  found  as  will  be  sabseqnently  esplained. 

In  the  experiments  (not  of  a  quantitative  nature]  having  this  end  in 
view  the  sample  was  exhausted,  therefore  fresh  material  was  used  for 
two  subsequent  analyses,  LXVII  a  and  b. 

In  both  these  and  the  previous  ones  the  snlphnr  was  found  in  ezoess  of 
that  required  for  the  metals,  on  the  assumption  that  all  the  arsenic  was 
present  as  trisulphide  and  the  iron  as  disnlpbide.  This  was  due  to  the 
presence  of  free  sulphur,  which  was  estimated  quantitatively  by  extraet- 
ing  with  carbon  disalphide  and  carefully  evaporating  the  filtrate  to  dry- 
ness in  a  weighed  omcibI&  After  three  extractions  no  more  snlpbnr 
was  dissolved.  The  amount  thus  obtained  represented  0.59  per  cenL  of 
the  material  used  for  analyses,  LXVII,  a  and  b. 

While  accounting  completely  and  satisfactorily  for  the  exceus  of 
snlpbnr,  this  did  not  explain  the  low  nummation  shown  in  the  first 
analyses.  It  was  found,  however,  that  notwithstanding  the  apparent 
purity  of  the  mineral,  lead  sulphate  was  present  iu  some  quantity. 

The  sulphur  trioxide  of  this  was  estimated  by  extracting  the  sulphate 
from  the  mineral  by  digestion  with  warm  dilute  hydrochloric  acid  in  an 
atmosphere  of  carbonic  acid,  three  or  four  digestions  being  sufficient 
for  complete  extraction,  and,  after  partial  nentralization  of  the  filtrate, 
precipitatiog  as  barinm  sulphate.  The  result  was  0.69  per  cent.  SO,. 
The  lead  oxide  of  the  snipbate  could  not  be  estimated  in  this  extract, 
because  even  the  dilute  acid  slightly  decomposed  the  sulphide,  taking 
lead  bat  no  arsenic  into  solution.  Under  the  conditions  of  the  experi- 
meut  practically  no  hydrogen-sulphide  could  be  oxidized  in  the  short 
time  required  for  making  the  extraction. 

As  a  check,  the  lead  oxide  of  the  sulphate  was  estimated  quantita- 
tively by  extracting  the  sulphate  with  nentral  ammonium  acetate  in  a 
closed  flask,  three  or  four  digestions  with  fresh  solution  being  sufficient, 
throwing  down  the  lead  as  sulphide,  and  converting  into  sulphate  before 
weighing.  The  percentage  of  lead  oxide  thus  found  was  2.70,  instead 
2.61  required  by  the  0.C9  of  SO,  found.  2.61  of  PbSO,  contains  1.78  of 
lead,  0.28  of  sulphur,  and  0.55  of  oxygen.  Thus  the  sum  total  was 
brought  much  nearer  to  lUO. 

Excluding  now  the  lead  sulphate,  free  snlphnr,  and  pyrite,  the  folloir- 
ing  atomic  values  areobtained: 

Pb 59.86-;-207.  =0.2891  i„  20^    „„    ,„^ 

Cu, 0.17-^126.8=0.0013  f  *'-™*'*    ^^    ^*'-^ 

As, 13.00-;-150.  =0.0866  1.00      3.00 

a 17.68-i-  32.  =0.5525  ti.38    19.14 

These  lead  to  the  forinala  10  FbS,  3  As^i.  A  simpler  formula,  and 
cme  not  for  removed  frt>m  the  above,  is  3PbS,  ASiSj.,    If  a  small  quan- 
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tity  of  galena  was  preeent,  of  wMcIi,  however,  there  was  no  eridenoe, 
other  than  that  afforded  by  the  decomposition  of  some  lead  sulphide  by 
dilnte  hydrooblorio  acid  without  BimaltBoeonH  solation  of  areeoio,  the 
latter  formula  is  probably  the  oorreot  one.  Bat  this  evidenoe  is  of  Little 
valae,  for  any  arsenic  dissolved  from  the  donble  snlpbide  wonld  proba- 
bly be  immediately  thrown  down  again  by  the  hydrogen  ealphide 
evolved.  Whichever  formnla  may  be  the  troe  one,  the  mineral  appears 
to  be  new  to  science,  and  a  name,  Otntermanite,  is  proposed,  in  honor  of 
Mr.  Franklin  Goiterman,  who  first  called  attention  to  this  and  the 
associated  zanyite. 

Id  coDclnsion,  a  few  words  will  be  in  place  respecting  the  ocoorrenoe 
o^  these  two  new  minerals.  According  to  Mr.  Gaiterman  there  appews 
to  be  no  decided  indication  of  a  flssnre  vein  in  the  Zufli  mine,  bnt  the 
minerals  occar  iu  what  seem  to  be  pipe  veins  eal^ged  in  places,  the 
sorroanding  rock  being  probably  andesite.  In  this  and  other  mines  of 
the  region  haolinization  of  the  country  rock  is  a  marked  feature. 

A  PBOBABt'T  XBW  MUTBBAX.. 

A  portion  of  the  ore  from  the  Missonri  mine,  Hall's  Valley,  Pack 
Ooanty,  Oolorado,  is  composed  largely  of  a  sulpho-bismathtde  of  copper 
and  silver.  It  occurs  in  a  qnartz  gangue  associated  with  chalcopyrite 
and  wol&amite,  and  although  the  latter  is  only  visible  on  close  examina- 
tioD,  it  comprises  from  1  to  2  per  cent,  of  the  whole,  as  fonnd  by  special 
tests.  A  considerable  qnantity  was  extracted  by  chemical  and  mechani- 
cal means,  &ee  from  all  foreign  matter  except  a  little  attached  quartz, 
and  was  proven  to  be  wolframite  by  qualitative  chemical  tests  fmd  by 
a  determination  of  the  specific  gravity. 

The  mass  of  the  solpbo-bismothide  appears  throughout  the  qnartz  as 
a  dark,  bluish-gray  substance  without  distinct  forms  of  crystallizatioo. 
In  nnmerons  cavities  appear  small  slender  crystals,  generally  bronzed 
by  oxidation  and  so  deeply  striated  as  sometimes  to  present  the  appear- 
ance under  the  loupe  of  bunches  of  needles.  OccEisionally  they  seem 
to  be  joined  together  laterally  forming  thin  corrugated  plates.  Owing 
to  this  deep  striation  no  crystal  faces  can  be  detected  either  on  the 
sides  or  the  tree  t«rmiuations.  The  habit  is  strikingly  like  that  of  bis- 
mnthinite,  for  which  the  crystals' were,  indeed,  at  first  taken. 

Aft«r  several  days  labor  enough  material  was  removed  firom  ttie  cav- 
ities for  the  determination  of  the  metals.  It  oonld  not,  however,  be 
fteed  altogether  £rom  quartz  and  chalcopyrite.  The  specific  gravity  at 
17°  0,  was  5.75.  Making  correction  for  4.43  per  cent,  of  qnartz  and 
6.98  per  cent,  of  chalcopyrite  of  assumed  specific  gravities  2.65  and 
4.2,  tbis  becomes  6.31.    The  analysis  appears  under  LXVIII  below. 

The  more  compact  material,  excluding  as  far  as  possible  the  needles, 

gave,  after  deducting  59.75  per  cent  of  gangue,  the  results  nnder  TjXIX. 

(326) 
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ZiXX  is  the  ansIymB  of  a  mineral  jn^Bented  b;  Mr.  WiiMam  McCree 
M  coming  probabl;  from  the  Miasonri  mine.  In  appMraooe  it  dif- 
fers in  no  respect  firom  tbe  ocMopact  material  already  described,  except 
tbat  no  obalcopyrite  is  distinctly  visible  in  tbe  smiUl  ^>echDeii8  at  m; 
disposal,  and  the  qnartz  grains  are  less  flrmly  cemeDted  together.  It 
ooDtaiDs,  however,  some  lead,  which  is  entirely  wanting  in  the  other 
speeimens  aaalyzed,  althoogh  the  general  formnla  is  the  same;  bence  I 
am  led  to  believe  that  it  came  fitnn  some  other  portion  of  the  workings 
or  from  an  adjacent  mine  where  ore  like  that  ttom  tbe  Hissoari  mine 
is  reported  to  occur.  Tbe  BpeciHc  gravity  was  3,869  at  ISP  C,  which 
becomes  6.680  on  m^iog  correction  for  47.57  per  oent.  of  gangne  o£ 
ascertained  epeoiflc  gravity  2.643. 

Tbe  most  marked  blow-pipe  reacdons  for  LXVIII,  LXIX,  and  LXX, 
were  entirely  similar,  a  sublimate  of  snlphur  appearing  in  tbe  ckwed 
tabe,  salfAiir  dioxide  escaping  in  tbe  open  tnbe,  and  tbe  fosed  fragment 
or  powder  on  charcoal  affording  the  bismntb  reactionH  with  great  io- 
tensit^.  All  were  solnble  in  nitric  and  hydrochloric  acids,  in  tbe  latter 
with  precipitation  of  mlver  ebloride. 
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After  sabtracting  from  LXVIII  6.97  per  cent.;  from  LXIX,  1.91  per 
cent.,  and  from  LXX,  0.33  per  cent,  of  chaloopyrKe,  witA  the  pn^ior- 
tioDS  of  spb^erite  represented  by  the  zinc,  the  atomic  ratios  b 
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14.7S. 

LXIX.     3.00 

4.03 

U.9S. 

LXX.       3.00 

1.10 

16.16 

where  R  represents  Pb  and  the  donbte  atoms  Ag*  and  On*.  In  each 
case  the  ratio  is  nearly  3 : 4 :  15,  which  leads  to  the  general  formnla 
3BS  +  4Bi,8,. 

It  seems  probable  that  the  needle-like  crystals  are  a  pore  sulpbo- 
bismntbide  of  copper,  and  tbat  in  the  more  compact  portions  silver  re- 
places a  p^;  of  the  copper,  and  in  some  oases  a  further  replacement  of 
oopper  by  lead  takes  place. 
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Tliis  ore  from  the  Misaouri  mine  is  aoriferoos.  The  material  nsed  for 
analysis  LXIX,  gaugae  aud  sulphide  together,  assayed  1.85  ounces  gold 
no  the  too.  According  to  Mr.  Pearce,  of  the  Boston  and  Colorado  Smelt- 
iDg  Works,  it  was  freqaently  mnch  richer,  mnning  as  high  as  40  ounces 
to  the  ton. 

Before  conferring  a  name  apon  this  mineral,  or  even  definitely  claim- 
ing  it  aa  a  new  species,  further  investigation  is  advisable.  A  personal 
visit  to  the  Misaoari  and  other  neigbboriog  mines  in  October,  1884,  in 
the  hope  of  obtaining  better  material,  was  not  rewarded  with  snocess. 

(327) 
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EXPIAH A.TION  OP  PLATE. 

Fig.  1  UlnotrfttM  tiie  twin  Btevotore  Mid  optie*!  propertiu  of  iHlbito,  aeas  in  olinopln* 
aooldal  MCrtioD,  M  <!«Hribed  by  von  LimsIk.     Sm  text,  p.  30. 

Fig.  i  lUnatntM  tbe  twin  Mnratue  Hid  optieal  properiiM  of  stilbite  from  T»bla  Monn- 
tftln.  In  oomapendlng  poritku  to  that  of  Fig.  1.    flee  t«xt,  p.  M. 

Fig.  3  ItlnstiratM  tlie  twin  Btruotnre  and  optical  properties  of  pblllipsite,  on  described 
by  Trippkfl.    See  teit,  p.  23. 

Figs.  4, 5,  and  G  abow  theoptioalauonialJeBobBeTTedin  the  apophylljta  of  Table  Honn- 
tain,  by  C.  Klein.     Bee  text,  p.  30. 

Figs.  7,  B,  9,  and  10  illoatrate  the  polyayutbetio  twin  Btractare  obMrred  in  the  cryo- 
lite of  Baint  Peter'a  Dome.    See  text,  pp.  43-47. 

Fig.  11  repreeenta  the  crystal  form  ot  prosoplte  from  Sidnt  Peter'a  Dome.  See  tuxt, 
p.  63. 

Fig.  13  rapreaent*  a  cryvtal  of  phMiftolte  from  Cryatal  Pack,  natnral  lize.    See  text, 

p.  ea 

Fig.  13  shows  the  poaition  of  the  parting  which  prodnoea  the  Inacre  of  the  aanidine 
in  the  nevadite  of  Chalk  Honntain.     See  text,  p.  76. 

Fig.  14  the  fundamental  form  of  lOllingite.    See  text,  p.  90. 

Figs.  15  and  16,  tonaa  of  lilllingite,  observed  in  the  materia  from  Onnnlaon  Connty, 
Colorado.    Bee  text,  p.  90-41. 

Figs.  17,  is,  19,20,  and  21  represent  different  forms  of  a  rhombio  anenide  of  lion, 
cobalt,  and  nickel,  otwerred  in  aaeooiation  with  USlUnglte,  Qnnnlaon  Comi^,  Colo- 
rado.   See  text,  p.  91. 
lU  (332) 
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t-roTlcM. 
Tlie  liulletinB  of  tlie  UniltHl  Stales  Qcdloipuil  Siirvej  will  be  nambered  u 
amtn  scriea  and  will  be'  bound  ia  volumes  of  conveaient  siM. 
Tliia  bulletin  will  be  inoladed  in  Tolume  III. 
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